Agricultural Research Institute 


PUSA 



Cereal Chemistry 

Published by the American Association of Cereal Chemists 


Editor in Chief - - 

■ 3 <: 

Assistant Editor 
Managing Editor - 


W. F. Geddes 
H. L. Harris 
- R. M. Sandstrdt 


Editorial Board: 


J., A. Anderson 
J. S. Andrews 
M. J. Bush 


G. Garnatz 
Betty Sullivan 
C. 0. Swanson 


226614 

llllilillliliililililli 

lARl 


■ VOLUME XXI— Nos. 1-6 
JANUARY-NOVEMBER, 1944 

^ — r 




Lancaster, Pennsylvania 
1944 





Cereal Chemistry 

VoL. XXI JANUARY, 1944 No. 1 


BIOc^-IEMISTRY OF THE DAMAGE TO GRAIN BY 
THE WHEAT-BUG 

V. L. Kretovich 

(Institute of Biochemistry, .Academy: of Sciences, Moscow, U.S.S.R.) 
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One of the most serious types of wheat damage in Europe^ Asia, 
and North Africa is that caused by insects of such species as Eury- 
gaster, Aelia, and Dolycoris, first described by Berliner (1931), These 
insects, generally called wheat-bugs, attack the kernel during the 
ripening period and lower its viability and baking quality. The data 
obtained by Kretovich, Bundel, and Pschenova (1943), reproduced in 
Table I, illustrate the reduction in viability. 

TABLE I 

Viability of Wheat Infected by the Wheat-bug 


Sample 

Infected 

kernels 

Viability 

Entire 

sample 

Norma! 

kernels 

Damaged 

kernels 


% 

% 

: % 

% 

1 

3.8 

94.8 

1 95.0 

89.1 

2 

8.6 

92.1 

96.0 

50.9 

3 

13.1 

90.7 

98.0 

41.8 

4 

14.3 

85.8 i 

95.0 

1 30.9 

5 

19.2 ' 

79.1 

90.0 

1 32.7 

6 

24.3 

67.9 

82.0 

24.0 


The deterioration in baking quality is manifested by the fact that 
the flour from highly damaged grain either does not form gluten or 
the gluten can hardly be washed out; it sticks to the fingers, has no 
elasticity, and upon standing, disintegrates into a sticky mass. Con- 
sequently, dough prepared from damaged flour also disintegrates, is 
hard to mold, and produces flat loaves of poor crumb texture. 

Investigations have shown that wheat-bugs puncture the ripening 
kernel and suck out a portion of the contents. Consequently the 

1 
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kerned, tiioiigli ripening and reaching full maturity j is of inferior via- 
bility and baking quality. 

' After harvest, a wheat kernel which has been punctured by the 
wheat-bug is shrivelled, has lower absolute weight, and shows a pale 
area with or without a small dark spot on its surface. The pale area 
is usually slightly shrivelled and is limited to the damaged region. 
The endosperm in the damaged region is very soft and can be easily 
criuiibled out, whereas in the undamaged part of the kernel it is 
normalh" hard. If the kernel has been pierced many times by the 
wheat-bug it contains almost no endosperm. 

Upon examining a cross section through the pierced area of a 
damaged kernel under the microscope, one may see that a considerable 
part of the protein in that area has been dissolved (Fleckinger, 1936). 
It is natural to suppose that the bug, after having punctured the 
kernel,' injects secretions which cause the dissolution of the contents 
of the endosperm cells. Actually, Hibraoui (1930) and Malenotti 
(1933) have observed that wheat-bugs inject a liquid when piercing 
the kernel. 

The experiments reported here were designed to determine the 
biochemical properties of grain damaged by wheat-bugs. 

Experimental 

In studying the effect of the wheat-bug on the protein complex of 
the kernel the first consideration is to examine the total nitrogen in 
the damaged kernel. The analysis of normal and infected kernels, 
selected by hand, showed that the total nitrogen content is decreased 
as a result of the damage caused by the wheat-bug (Table II). 


TABLE n 

Total Nitrogex Content of Normal and Infected Kernels 



Sample 

Normal 

Nitrogen ^ 

Infected 



% 

% 


! 

2,03 

1.88 


2 

2.28 

2.02 


3 

2.43 

2.14 


4 

2.24 

2.07 


5 

2.26 

2.10 


6 

2.17 

1.95 


1 D ry matter basis . 


These results indicate that wheat-bugs, in piercing the kernel, ex- 
tpa'ct part of the nitrogenous substances. 

/ ]\Iofe detailed analyses of normal and- infected kernels are given in 
^ Table' III,' - 
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These data show that the titratable acidity of flour from damaged 
grain is higher than that for normal grain. The amylase activity iS' 
also higher in the flour from infected grain, indicating that the wheat- 
bug introduces amylase into the kernel. 


TABLE ill 

Biochemical Analyses of Normal and Infected Kernels 




Nitrogen 




Titratable 
acidity of 
extract 



Characteristics 
of kernels 

Total 

Water- 
soluble, 
as per- 
cent 
of 

total 

Glia- 
din 
nitro- 
gen as 

In 

glu- 

Nitrogen 
of gliadin 
as percent 
of total 
gluten 

pH 

of 

dour 

sus- 

pen- 

Activity of 



per- 
cent of 
total 

ten 

nitrogen 

.sion 

Water 

Alco- 

hol 

Cata- 

lase^ 

Amyl- 

ase- 

Normal kernels 

% 

2.70 

% 

14.54 

% 

47.2 

% 

15.3 

% 

51.6 

6.6 I 

2.3 

3.0 

38.9 

114.4 

Damaged kernels 
(with pale areas | 
and dark spots) 

2.59 

28.0 : 

54.2 

14.6 

71.8 

1 

6.5 

2.7 

4.2 

37.8 

163.6 

Damaged kernels 
(without dark 
spots) 

2,51 

29.8 

55.1 

— 

— 

1 

1 

1 ___ 

— 



J Method of Bach and Oparin (1923). 
- Method of Rumsey (1922). 


The nitrogen fractionation studies show that infection by the wheat- 
bug considerably increases the solubility of the proteins in both water 
and 60% alcohol. It is thus clear that the nitrogenous substances of 
the damaged kernels in particular underwent profound changes; the 
gluten had about 75% of gliadin nitrogen instead of the usual 50%. 

vSince the high water-soluble nitrogen values for the infected kernels 
suggested extensive proteolysis, it seemed necessary to examine the 
relative changes in nitrogen solubility which occurred when normal 
and infected wheats were subjected to autolysis. As a measure of 
proteolytic activity, the total water-soluble nitrogen and the nitrogen 
not precipitated by 2% trichloracetic acid solution were determined 
before and after autolysis. The results given in Table IV demonstrate 
the considerable increase (during autolysis) of nitrogen not precipi- 
tated by trichloracetic acid. This is characteristic of peptones, pep- 
tides, and amino acids formed as a result of extensive enzymatic 
splitting of proteins in the damaged grain. In line with these data, 
Geoffroy (1936) reported a greater increase in amino nitrogen during 
the autolysis of damaged grain as compared with normal grain. 

To determine more definitely the changes which the protein sub- 
stances undergo when subjected to the effect of wheat-bugs, pure 
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g'liadiii preparatioiis were made from normal and infected kernels by 
Kretovicli’s (1937) acetone method. The very process of obtaining 
the preparations confirmed the greater solubility of the proteins from 
infected kernels in comparison with the controls: a yield of only 2.6 g 

TABLE IV 

Change in Soluble Nitrogen Fractions of Normal and Damaged 
Kernels during Autolysis 


Nitrogen in percent of total nitrogen 


Sample 

Kernel' 

Before autolysis 

After autolysis 



Water- 

soluble 

Not precipi- 
tated by 
CClsCOOH 

Water- 

soluble 

Not precipi- 
tated by 
CChCOOH 




% 

% 

% 

1 ! 

Normal 

12.5 

7.6 

22.7 

16.1 


Damaged 

22.0 

16.3 

52.7 

43.8 

’) 

Normal 

i 10.0 ' 

1 4.7 i 

21.2 

13.4 


Damaged 

; 19.9 

1 14.0 ! 

56.9 

42.3 


of gliadin was secured from 250 g of infected kernels, whereas from 
250 g of normal kernels, under the same conditions, 6.7 g was obtained. 
The sharp reduction in gliadin yield from infected kernels may be ex- 
plained b\' its dispersion in water during washing. 

Investigation of the physical and chemical properties of the glia- 
dins showed (Table V) that the protein of the infected kernels imder- 


TABLE V 

Properties of Gliadin from Normal and Infected Kernels 


Source of gliadin 

i 

1 Nitrogen | 

: i 

1 

■| 

1 

Sulfur 1 

! ■ Trypto- 1 
phane 
i (Furth 
Diesche) 

Viscosity! 

i r , "0 . 

; lain in 

60% 
ethanol 


I % ! 

% 

i % 



Norniai kernels 

i 17.6 1 

0.97 I 

' 0.91 

3.008 

-91.8 

Infected kernels 

1 17.1 < 

1.37 ! 

i 0.87 

2.737 

-72.5 


- Viscosity values are given as the ratio of the viscosity of 1% gliadin solution in 60% alcoliol to 
the viscosity oi water. 


goes deep intramolecular changes which result in a considerable lower- 
ing of the viscosity and specific rotation of gliadin solutions as well as 
in a marked increase in the sulfur content of the gliadin. The decrease 
in viscosity and the change in optical activity of protein solutions 
during aiitoh’sis are recognized phenomena which may serve as quan- 
titative measures of proteolysis. It is possible, of' course, that the 
pronounced differences in the optical properties of the gliadin prepared 
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from normal and Infected kernels may be caused by the presence of 
glutenin cleavage products in the gliadin prepared from the damaged 
kernels. 

The high sulfur content of the gliadin from the infected kernels is 
of particular interest. Evidently the proteolysis caused by the secre- 
tions of the wheat-bug does not involve the liberation of sulfur- 
containing amino acids, such as cystine and methionine, from the 
protein molecule. A similar observation was made by Chittenden and 
Smith (1890) who found that the colloidal products of the hydrolysis 
of wheat glutenin by pepsin contained much more sulfur than the 
original protein. 

The question arises whether the secretions of the bug are concen- 
trated in the region of the puncture or whether they extend throughout 


TABLE VI 

Nitrogen Fractions of Normal and Damaged Parts of Infected 
Wheat Kernels 


Sample 

No. 

Part of kernel 

Total 

nitrogen 

Alcohoi- 
soluble 
nitrogen 
as percent 
of total 
nitrogen 

Water- 
soluble 
nitrogen 
as percent 
of total 
nitrogen 

Nitrogen 
not precipi- 
tated by 
CCIsCOOH 
as percent 
of total 
nitrogen 



% 

% 

% 

% 

1 

Normal 

2.56 

40.1 

12.9 

9.1 


Infected 

1.28 

47.2 

47.4 

41.0 

2 

Normal 

2.76 ! 

39.3 

1 17.2 

,14.8 


Infected 

1.14 

44.6 

i 57.3 

54.2 

3 

Normal 

2.84 

43.4 

1 19.1 

! 15.6 


Infected 

1.39 

i 

53.5 

1 59.8 

1 54.2 


the whole kernel. In order to answer this question infected kernels 
were dissected into two parts: one entirely normal to ail appearance, 
and the other showing evident signs of infection. Both fractions were 
then ground separately and the gluten washed out. It was not 
possible to wash out even traces of gluten from the infected parts of 
the kernel, whereas, from the undamaged parts, the gluten washed out 
quite normally, although it was somewhat weak. These experiments 
show that the secretions injected by the bug do not disperse through- 
out the kernel but localize in the area of infection. Accordingly, one 
would suspect that the deep-seated changes in the nitrogenous con- 
stituents of the kernel would also be limited to this area. 

To verify this suggestion undamaged parts of the kernel as well as 
those immediately adjacent to the point of attack were excised. 
These normal and damaged fractions were then ground and subjected 
to -analyses, the results of which are summarized in Table VL 
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It is readily apparent that the infected areas of the kernels are 
lower ill total nitrogen than the norma! portions and, also, that the 
nitrogenous constituents are less complex. On the average, approxi- 
mately one-half of the total nitrogen of the infected portions of the 
kernels is water-soluble and not precipitable with 2 % trichloracetic 
acid solution. 

Evidence of extensive proteolysis in infected kernels has led to 
attempts to establish a simple method for diagnosing the amount of 
damage by the bug; this method is based on color reactions for amino 
acids, the presence of which might be expected in the infected area. 

The experiments of Tokareva (1940) showed that on heating a 
water extract of infected kernels with Millon’s reagent, a red coloration 
develops in the solution and in the protein coaguluni formed during 
heating; in the instance of noninfected kernels only the coagulum is 
colored. This difference in behavior may be explained as being due to 
the enzymatic liberation of tyrosine either in the free form or as a 
peptide. The ready liberation of tyrosine from protein by proteolytic 

TABLE VH 

Tyrosine Content of Normal and Infected Kernels 


Sample 1 

Tvrosine^ after precipitation 
by 2fr CCLCOOH 

Tyrosine^ after precipitation 

1 by Hg(NO.'i)i> 

Infected area 

No. j 

. i 

Normal 

kernels 

i Infected 

kernels 

1 Normal 

I kernels 

Infected 

kernels 

of kernel 


mg IS 

! mg:g 

1 niglg 

mgjg 

mfs 

1 ^ 

0.34 

0.5 i 

; 0.00 

0.04 

— 

2 

0.50 

1.13 

i 0.00 

0.04 

— 

3 

1 0.60 

i 1.80 

! 0.00 

0.06 

0.09 

4 

1 0.58 

1 . 

: 1.73 

1 

1 0.00 

! 

0.05 . 

0.08 


^ Method of Zu\'erkalow (1927). 

2 Jv^hod of, Thomas (1921). 

.etfzymes was shown by Northrop and his associates (1939) ; it is, there- 
fore, quite natural that the extensive proteolysis taking place in the 
kernel infected by the wheat-bug is accompanied by the accumulation 
of tyrosine in the free and peptide form. This fact was confirmed by 
'Goldstein, Gorbachevskaya, and Sklovskaya (1940). 

More' detailed data characterizing the content of tyrosine in the 
normal and infected wheat kernel were obtained by Kretovich, Bundel, 
and Pschenova. (1943) and are given in Table VIL The amount of 
tyrosine not precipitated by protein precipitants is much higher in 
infected than in normal kernels. After precipitating extracts from the 
kernels by means of a mercury '.salt which is .a very strong precipitant, 
a; much smaller content„of.tyrosme'.' was .found than after precipitation, 
.with GChCO'OH... ./This proves that the greater . part of the tyrosine 
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found ill the infected kernel belongs to the colloidal peptones and other 
cleavage products of relatively high molecular weight which are formed 
during the enzymatic splitting of protein. 

What then are the essential reasons for the drastic degradation, of 
gluten in the infected grain? Berliner (1931), having discovered the 
gluten degradation caused by the wheat-bug, was the .first to suggest 
that this phenomenon is due to the presence of powerful proteolytic 
enzymes in the infected kernels. However, he was unable to prove 
this by adding water extracts of infected kernels to normal flour, since 
the ghiten-forming property of the flour was not destroyed. Subse- 
quently, the enzymatic nature of the injuries was suggested by Kosmin 
and Markin (1934) and by Blagoveshchenskii and Sosiedov (1934). 

In checking the activity of water extracts, it was found that the\' 
acted weakly on the gluten of normal flour, but more active water 
extracts were obtained by a prolonged autolysis of ground infected 
kernels in small quantities of water. It may be presumed, therefore, 
that there exists a specific relation between the colloids of the infected 
kernel and its proteolytic enzymes, and that salt solutions [employed 
by Willstatter and Rohdewald (1932) for the extraction of leucocyte- 
desmoproteases which are closely associated with cellular structures] 
must be used to effect more rapid and complete extraction of the 
proteases. 

After numerous experiments it appeared that 0.5% sodium car- 
bonate solution was the most suitable solvent; extremely active prepa- 
rations were obtained by extracting ground infected kernels for 30 to 
60 min. The effect of these extracts on gluten may be illustrated by 
citing the results of a typical experiment. 

Normal and infected kernels, selected from one sample, were ground 
and then extracted in the ratio of 1 : 5 with 0.5% Na 2 C 03 solution 
for 15 hours at 30'^C in the presence of thymol. Doughs were then 
made with the filtered extracts and a strong flour. After a 30-miri 
rest period in a thermostat, the glutens were washed out and their 
extensibilities determined by the method of Kosmin (1934) as modified 
by Kranz (1935). The gluten from the dough made with an extract 
from the normal kernels had an extensibility of 0.47 cm/min; the 
gluten from the dough made with an extract from the infected kernels, 
31.3 cm/min; and the gluten from the dough made with an extract 
from infected kernels heated for 15 min at lOO^C, 0.10 cm/min. When 
the doughs were allowed to rest for 3 hours at 30°C, that made with 
the extract from the infected kernels did not give any gluten. Thus 
it is apparent that the kernels infected by the wheat-bug contain 
extremely active proteolytic enzymes which are easily destroyed by 
heating; in ' the' 'present ' experiment, the proteolytic , activity of the 
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extract from infected kernels was 66 times higher than that from 
normal kernels. 

In order to compare the proteolytic activity of water and sodium 
carbonate extracts of ground wheats containing various types of dam- 
age, the extracts were used in making doughs with a flour milled from 
sound wheat which yielded a strong, elastic gluten. The doughs were 
allowed to stand and their extensibilities determined by the Kosmin- 
Kranz method (Kosmin, 1934; Kranz, 1935). The results of these 
tests, given in Table YIII, show that wheat infected by the wheat-bug 

TABLE VIII 

Proteolytic Activity of Different Types of Wheat 


Extensibility of gluten from 
dough made with the extract 


Type of wheat 

Water 

NaeCOs 


cm 1 min 

cmlmin 

Control ^ 

0.01 

0.02 

Normal 

0.04 

0.03 


0.03 

0.02 


0.03 

0.03 


0.02 

0.07 

100% infected by 

0.03 

0.01 

other insects 

0.02 

0.06 

Germinated 

0.05 

0.03 


0.01 

0.01 


0.04 

0.02 


0.07 

0.03 


0.09 

0.03 

F rested 

0.12 

0.03 


0.02 

0.05 

Drouth-damaged 

0.05 

0.03 

0.04 

0.02 


0,04 

0.01 


0.03 

0.02 


0.02 

0.02 

100% infected by 

0.76 

1.17 

wheat-bugs 

1.25 

2,00 

0.50 

2.75 


4.20 

17.00 


19.20 

30.00 


A Dough made with pure water or O.S% NasCOs solution. 

can easily be distinguished from any other type of damage by the high 
proteolytic activity of both water and sodium carbonate extracts; 
moreover, in the instance of wheat-bug damaged grain, the water ex- 
tracts are lower in proteolytic activity than the sodium carbonate 
extracts. These observations establish beyond doubt that gluten 
degradation is caused by the high proteolytic activity of wheat in- 
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fected by the wheat-bug; also, that there are insignifieant quantities of 
soluble proteases in wheat containing other types of damaged kernels. 

Having demonstrated the high proteolytic activity of sodium car- 
bonate extracts of infected grain, an attempt was made to accelerate 
the test. The extract was prepared by adding the sodium carbonate 
solution, previously heated to 40°C, to the ground wheat and allowing 
the suspension to stand in a thermostat at 37^C for 30 min. Doughs 
made with the filtered extracts were left in a thermostat maintained 
at 30°C for 30 min; the gluten w'as then washed out with water at 
20°C and tested according to the Kosmin-Kranz method. The results 
of the accelerated technique given in Table IX show a still more 


TABLE IX 

Proteolytic Activity of Different Wheats as Measured by the 
Accelerated Technique 


Type of grain used for 
obtaining the extract 

Extensibility of 
the gluten 


cm 1 min 

Control ^ 

0.05 

Normal 

0.03 


0.02 


0.04 


0.03 


0.09 

Germinated 

0.02 


0.12 

Frosted 

0.04 

Drouth-damaged 

0.05 

100% infected by 

195. 

the wheat-bug 

116. 


1 Dough made with 0.5% NaaCOa solution. 


striking difference than those recorded in Table VIIL The method 
may be recommended as a more convenient means for diagnosing 
infection by the wheat-bug and estimating the proteolytic activity of 
the grain than procedures based upon the determination of protein 
cleavage products. At the same time, it reflects the first stages of 
proteolysis which are of most interest to the baker and which are not 
measured by many other methods for the quantitative determination 
of proteolytic activity. The precision of this method could be in- 
creased by replacing the Kosmin-Kranz extensibility test with a deter- 
mination of the physical properties of the dough in an apparatus such 
as the alveograph or farinograph. 

Gur experiments with sodium carbonate extracts refute the assump- 
tion that the high proteolytic activity of the flour from infected grain 
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is due to the increased content of sulfhydry! compounds. To secure 
definite proof that siilfhydryl compounds play no part in the processes 
of gluten degradation in wheat-bug infected kernels, the quantity of 
such compounds was determined in the flour from infected, and normal 
kernels by a modification of the method of Woodward and Fry (1932). 
The results showed that the high activity of proteinases in infected 
kernels could not be explained by an increased content of sulfhydry! 
compounds. 

Since it has been determined that the degradation of gluten in the 
infected kernel is due to the presence of extremely active proteolytic 
enzymes, it is appropriate to study the conditions of their activity, 
especially in relation to pH and temperature. The methods generally 
used for determining proteolysis, based on the determination of free 
amino groups, could not be effective in the present case as they do not 

TABLE X 


Effect of pH ox Proteixase Activity of Infected Wheat 



Nitrogen dissolved by 



enzyme action ‘ 

pfl 

Test I 

Test 2 


mg 

mg 

3.2 

0.46 

1.44 

4.2 . 

2.94 

— 

5.2 

3.46 

4.33 

6.2 

4.55 

— 

7.2 

4.89 

"■ 4.75' , 

8.0 ■ 

4.01 

— 


^ Per 5-ml solution. 


record the action of enzymes during the first stages of proteolysis. 
The following method was therefore employed: 9 ml of glycerol extract 
(40% glycerol) from ground infected kernels was added to 0.5 g of 
finely ground vacuum-dried gluten; the pH of the mixture was brought 
to the desired value with 10 ml of buffer solution prepared according 
to Mcllvaine (1921). Thymol was used as an antiseptic. Simulta- 
neously, a control experiment was carried out under the same condi- 
tions, using 9 ml of 40% glycerol. . The experimental and control tubes 
were placed in a thermostat at S&^C for 16 hours. The total nitrogen 
in 5 ml of the filtered solution was then determined, and from' this the 
total nitrogen of the corresponding control and of the enzyme extract 
'was deducted. The resulting value served. as a, measure of proteinase 
activity. Gluten, rather than edestin, gelatin, or other proteins, was 
used as a protein substrate since the researches of Northrop, (1939) 
suggest that the activity of the enzyme, on various proteins would be 
'different. The results of two typical ■.experiments, given, in Table 'X, 
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show that a neutral or slightly alkaline reaction is most favorable for 
the action of the gluten -dissolving enzymes of infected wheat. More 
striking results can be obtained if the measurement of proteolytic 
activity is based on the effect of the solutions on gluten, extensibility; 
very evident by this technique are the greater activity in, an. alkaline 
medium and the considerable decrease in activity upon acidification of 
the dough. 

Experiments to determine the effect of temperature showed, as 
anticipated, that the proteinase activity decreased with the lowering 
of the temperature. 

To obtain dry preparations of the proteolytic enzymes and to 
investigate their properties, sodium carbonate extracts of normal and 
infected kernels, obtained according to the method described above, 
were dialyzed against distilled water until all dialyzable substances 
were removed. The liquid in the collodion sack was saturated with 
a tenfold volume of ethanol and then acidified with several drops of 
10% acetic acid solution until an abundant precipitate was obtained. 
The precipitate was washed several times with strong alcohol, then 
with anhydrous ether, and dried in a vacuum. The preparations were 
light-gre}^ powders; the yield from normal kernels was 1.48% and from 
infected kernels, 1.88%, 

When preparations from infected kernels amounting to 0.1% were 
added to flour having good gluten, the extensibility of gluten washed 
out of the dough after a 30-min rest period at 30°C increased from 
2.25 cm/min to 24.0 cm/min. When 1.0% of this preparation was 
added to the same flour, it was impossible to wash gluten from the 


TABLE XI 

Effect of Dried Enzyme Preparations on Gluten of Strong and 
Weak Flours 



Gluten extensibility 


Strong flour 

Weak flour 

Control 

cmjmin 

0.07 

cmimin 

0.62 

Control -f 0.1% of preparation 
from normal grain 

0.12 

' 0.94 , 

Control -h 0. 1 % of preparation 
from infected grain 

4.2.6 ' ' 

Gluten did not 
w.asli.out' 


dough at the end of the rest period; a sticky incoherent mass, charac- 
teristic of doughs made from flours prepared from mfected wheat, ivas 
obtained.' ' 

;■ 'It ' was.'', of specia,! :interest' to' investigate the effect ;'of 'these, dried", 
enzyme preparations on the physical properties of gluten of strong and 
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weak wheat flours milled from sound wheat. Doughs containing 0.1% 
of the dry enzyme preparations from normal and infected wheat, re- 
spectively, were prepared with the two flours; after allowing them to 
stand at 18° to 20°C for 3 hours, the gluten was washed out and tested 
according to the Kosniin-Kranz method. The results, recorded in 
Table XI, are ver^r significant and demonstrate the fallacy of esti- 
mating the quality of infected grain b}'" recording the percentage of 
infected kernels in a given blend, as well as the impossibility of estab- 
lishing any safe maximal infection applicable to every type of wheat. 

To study directly the influence of infected grain on the deteriora- 
tion of glutens of varying quality, 0.5, 1.3, and 6% of infected kernels 
were added to four wheats, designated as Nos. 1, 2, 3, and 4 in order 
of decreasing strength. The wheats were then ground and doughs 
were prepared. After the doughs had rested at 30°C for 30 min, the 
glutens were washed out and their extensibilities determined by the 
Kosmin-Kranz method under strictly comparable conditions. 

The results, given in Table XII, clearly show that the initial quality 
of the wheat is the most important factor in relation to the damage 


TABLE XII 

Influence on Gluten Quality of the Addition of Infected Kernels to 
Wheats of Varying Strength 


Sample 
No. ■! 

Wheat type 

Gluten extensibility 

Percentage of infected kernels 

0 % 

0 . 5 % 

■ 1% ■ 

3 % 

6% 



cmfmin 

cmjmin 

cmjmin 

cmjmin 

cmjmin 

1 

Strong 

0.01 

0.01 

0.02 

0.30 

2.3 

2 

Intermediate 

0.03 

0.03 

1 0.25 

0.80 

2.5 

3 

Fairly weak 

0.06 

1 0.90 

1 0.90 

13.40 

41.1 

4 

W eak 

0.30 

2.10 

2.70 

I 

20.70 

50.0 


caused by the wheat-bug; even after the addition of 6% of infected 
grain, the glutens from the two strongest wheats (Nos. 1 and 2) were 
normal, whereas those from the weakest wheats (Nos. 3 and 4) were 
originally poor and could only be washed out with great difficulty. 
From the standpoint of baking quality, it is obviously illogical to 
classify wheat solely on the basis of the percentage of infected kernels 
since one sample containing a low percentage of infected kernels may 
give poor bread, whereas another sample will produce good bread even 
though it contains a relatively large percentage of infected kernels. 
The extent of damage caused by any particular degree of infection 
depends upon a number of factors, such as the species of wheat-bug, 



Jan., 1944 


V, L. KRETOVICH 


13 


the stage of maturity at which the grain is attacked, the kind of wheat, 
and the original quality of the gluten. 

It must be remembered that there are other insects which, like the 
wheat-bug, pierce the maturing kernels and produce pale areas and 
dark spots but which do not influence the quality of the gluten, dough, 
and bread.' An example is the larvae of Haplothrips as recently 

reported by Grivanov (1938). We have examined a series of wheat 
samples which contained from 10 to 28% of infected kernels and yet 
had good gluten and made excellent bread; it is quite plain that the 
wheats were not punctured by harmful bugs. 

It follows from the facts which have been cited that the only 
reliable method of estimating the quality of grain suspected of damage 
by the wheat-bug is to determine gluten or dough quality. At the 
present time such an estimation can be made most precisely with the 
help of Brabender’s farinograph or Chopin’s alveograph. As the dis- 
integration of the dough takes place only after it has rested, it is 
necessary to record the farinograms and alveograms immediately after 
the dough is made and again after it has stood in a warm place for 
60 to 90 min. A similar method of estimating the degree of grain 
infection by the wheat-bug, based on the use of Chopin’s extensimeter, 
was adopted in France and legalized by a special regulation (‘'Office 
National Interprofessionnel du Ble,” 1937). Price discounts for in- 
fected grain have been established in conformity with the degree of 
damage, called “virulence commerciale.” 

By what means is it possible to improve wheat damaged by the 
wheat-bug? In the studies of Berliner (1936), Kranz (1935), and 
others, there are numerous indications of the favorable effect of heat 
treatment on the quality of damaged wheat. We can fully confirm 
these indications ; the heating of moistened grain with warm air gives 
good results, improving the quality of the gluten and the dough. 
Beneficial results are also obtained by adopting the method of Weick- 
mann (1938) who used hot water. However, the most convenient and 
suitable method is the treatment of grain by steam. Upon treating 
wheat containing 32% of infected kernels with steam for 1. 5-3.0 min, 
a normal gluten was obtained. It is presumed that the treatment of 
wheat with steam could be recommended not only for damaged grain 
but also as a simple method of conditioning normal wheat. 

Summary 

Studies of the biochemical properties of wheat which has been 
punctured by certain species of wheat-bugs show that such infection 
somewhat lowers the total nitrogen and considerably increases the 
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proportions of alcohol-soluble and wate,r-soIuble nitrogen, especially 
the latter. In wheat containing 10-15% of kernels punctured by the 
wheat-bug, the gliadin content of the gluten is substantially increased. 
Gliadin solutions prepared from badly damaged kernels are character- 
ized by a lower viscosity and optical activity than normal ; the gliadin 
has a higher total sulfur content, but the sulfhydryl compounds of the 
glutathione type are not increased. 

Flour from infected wheat differs from normal in possessing higher 
titratabie acidity, higher amylase activity, and a markedly greater 
proteolytic activity. Extensive proteolysis, with the accumulation of 
water-soluble nitrogen and of nitrogen not precipitable by trichlor- 
acetic acid, occurs during the autolysis of flour milled from infected 
wheat. 

Damage caused bv the wheat-bug, at least when the wheat is 
attacked during later stages of maturation, is localized in the region 
of the puncture. Endosperm dissected from the damaged areas of 
kernels is considerably louder in nitrogen content than that of the un- 
damaged areas, and approximately one-half of the total nitrogen is 
water-soluble and not precipitable with trichloracetic acid solution. 
Damaged kernels contain an increased quantity of tyrosine, which 
serves as a rapid and convenient method of detecting the presence of 
infected kernels.. 

Proteinases of the infected wheat are most active in neutral or 
faintly alkaline solution. Their activity is greatly reduced by mod- 
erate ' acidification . 

Water extracts of infected kernels influence the gluten of normal 
flour only slightly, whereas extracts obtained with 0.5% sodium car- 
bonate solution rapidly destroy the gluten but lose their activity oHj* 
heating. Dry enzyme prepa.rations can be prepared from infected,/" 
kernels; when 0.1% is added to normal flour, the gluten-forming prop- 
erties are rapidly destroyed. ' Aqueous solutions of the dry enzyme 
preparations are completely inactivated by heating. : ' 

' "These' studies prove that' the 'destruction of gluten in infected wheat 
is caused by active proteolytic enzymes injected into the kernel by the 
wheat-bug. The harmful effect of an - admixture of damaged .flour- or 
of enzyme preparations upon the quality of normal -flours, is much -less 
for strong than for weak flours. ' It is therefore imp-ossible to set a 
maximal allowable percentage of- infected kernels which "would, be 
applicable to every of wheat. ,' 

Normal gluten can be obtained from wheat containing up to '32% - 
of infected kernels after treatment with steam for l.S to. 3.0:- min. ■ '' 
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pH VARIATIONS IN SODA CRACKERS AND THEIR CONTROL 
WITH DIAMMONIUM PHOSPHATE 

E. A. Vaupel 1 and William Hanks ^ 

(Presented at the Annual Meeting, May 1942; received for publication May 18, 1942) 

The maintenance of a uniform pH in soda crackers has long been 
a perplexing problem in the biscuit and cracker industry. Baking 
soda requirements may vary from day to day, and as yet no reliable 
method has been devised that will predetermine these variable require- 
ments. Johnson and Bailey (1924) suggested a titration procedure 
for determining soda requirements, but this method was never widely 
accepted by the industry because it did not provide a complete solu- 
tion to the problem. One technical shortcoming of this procedure 
was that it failed to control the variables occurring after the soda had 
been added at the dough make-up stage- These authors concluded 
■that , although a small excess of soda over that required for neutraliza- 
tion is; desirable, crackers of excessive alkalinity often result if this 
excess is not accurately controlled. This was largely due, they be- 
lieved, to the conversion of the excess bicarbonate to the more highly 
alkaline normal carbonate during baking. Micka (1941), in a later 
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study of the soda requirements of cracker flours, concluded that the 
excess or ‘"free” soda, as he called it, remained as bicarbonate during 
the baking, thus ruling out its conversion to the normal carbonate as a 
possible cause of increased alkalinity in soda crackers. 

The investigation reported here was undertaken to determine the 
nature of pH variations in soda crackers and the possible control of 
these variations by means of chemical buffering agents. 

Methods 


The following experimental 

formula and 

procedure were used 

except where otherwise noted. 

sponge 

Dougli 

Cracker flour 

120 

S 

80 

Yeast 

1 

Salt 


2 

Shortening 

— 

22 ^ 

Baking soda 

— 

Variable 

Water 

50 

23 

Fermentation time 

18 hours 

5 hours 

Fermentation temperature 

80°F (26.7°C) 

80°F (26.7T) 


To facilitate mixing and promote fermentation the sponges were 
made up on a SOO-g flour basis and then subdivided at the dough 
make-up stage. Sponges were mixed in a McDuffee bowl only long 
enough to obtain a coherent dough, whereas the doughs were mixed 
6 minutes at low speed, using the 3-quart bowl and the cake paddle of a 
Hobart mixer. After fermentation, the doughs were run through a 
sheeter three times, then cut, docked, and baked on a steel plate in a 
gas-fired oven at 500®F (260°C) for 4f minutes. All pH determina- 
tions were made electrometrically, using approximately 20 g of dough 
or IS g of crackers with 100 ml of water. Doughs were ground with 
water, whereas the crackers were powdered before adding the water. 

Results 

The pH data presented in Figure 1 were obtained from a series of 
soda-cracker baking tests in w'hich the quantity of bicarbonate had 
been varied from 0 to 0.8%. The shape of the curve shows that in a 
pH range between 6. 75 and 8.75 very large pH increases were obtained 
with small increments of bicarbonate. This observation is of com- 
mercial significance because it is this range with which the manufac- 
turer of soda crackers is concerned. 

The magnitude of these pH variations is more strikingly shown in 
Figure 2 which presents data obtained on sponges and doughs, and on 
crackers in which the baking periods were varied. As the amount of 
bicarbonate is increased and the pH approaches the critical range, there 
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is veryJittle effect on' pH during the baking. However, when the 
bicarbonate is increased sufficiently to bring the dough to pH 7.0 
or slightly higher, a proportional increase in the pH of the dough re- 
sults, but an abrupt shift towards greater alkalinity occurs during 
baking. This high pH persists with little change during a normal bak- 
ing period of 4| minutes, but tends to drop as the baking is extended. 
Thus there is a lowered alkalinity in overbaked crackers. 



SODIUIV! BICARBOMATE, % 

Fig. 1 . Effect of increasing amounts of sodium bicarbonate on pH of soda crackers. 

In further studies with varying baking periods, normal sodium 
carbonate and sodium hydroxide were used as neutralizing alkalies in 
such quantities as to provide the sodium-ion equivalent of the bi- 
carbonate, The normal carbonate values for doughs and crackers, 
as shown in Figure 3, almost duplicated those of the bicarbonate. 
The sodium hydroxide curves in Figure 2 were considerably higher in 
pH immediately after dough make-up, but during dough fermentation 
they dropped to the approximate level of the bicarbonate doughs and 
then paralleled the pH of those doughs during the baking. 

These studies were then extended to include tests with doughs and 
crackers containing excess amounts of the three alkalies: sodium bi- 
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carbonate, normal sodium carbonate, and sodium hydroxide. l"he 
same formula was used as before except that the yeast was increased 
to 1%, and a small amount of sodium sulfite (0.0125%) was added to 
facilitate handling of the doughs. The three alkalies were varied from 
none up to a sodium-ion equivalent of 2.5% sodium bicarbonate. 
A straight-dough procedure with a 2^ hour fermentation was used. 



BAKING TiWIE — MINUTES 

Fig, 2. Effect of increasing amounts of sodium bicarbonate and sodium hydroxide on pH of sponges, 
doughs, and crackers at variable baking periods. 

The pH was followed in both the doughs and the baked crackers. 
The curves presented in Figure 4 show- a wide spread in pH between 
the dough and cracker made with sodium bicarbonate and much 
smaller spreads when the normal carbonate and sodium hydroxide 
were used. Upon baking, the pH of the doughs containing carbonates 
increased whereas that of the doughs containing sodium hydroxide 
decreased. Each of the three alkalies teilds to affect the pH of the 
dough in proportion to its specific alkalinity. However, in the baked 
cracker the pH of both the “bicarbonate” and “hydroxide” crackers 
tends to approximate that of the crackers made with normal carbonate. 
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BAKING TIME— MINUTES 

Fig. 3. Effect of diammonium phosphate in controlling pH of soda crackers at variable baking periods 
when using sodium bicarbonate or the normal carbonate as neutralizing agents. 


It was of interest also to ascertain whether carbon dioxide remained 
in the crackers made with the largest amounts of the three alkalies. 
The analyses are given in Table I. The recovery of carbon dioxide 

TABLE I 

Carbon Dioxide in Finely Pltlverized Crackers 


Alkali used 

Alkali 

added 

Carbon 
dioxide 
evolved 1 

Approximate 
theoretical 
carbon dioxide 
recovery 


% 

ml 

% 

.Control ■ 

0.00 

5.0 

— 

'Sodium bicarbonate 

2.50 

21.5 

25 

Norma! sodium' carbonate' ■ 

1.56 

22.5 

52 

Sodium liydroxide 

1.18 

13.0 

— 

Control with added sodium bicarbonate ® 

2.50 

71.0 

100 

Control with added normal sodium carbonate ® 

1.56 

38.5 

100 


* Determined' as, outlined' in Cereal Laboratory Methods (1941) , p. 171'. 

Powdered carbonates' were weighed directly' into the pulverized crumb of the control crackers 

Wore analysis. . ' 
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from carbonates added directly to the pulverized cracker-crumb con- 
trol was the basis for calculating the carbon dioxide which remained in 
the crackers containing the alkalies. These data suggest that the 
excess bicarbonate does not remain as such in the baked product. 



SODIUM -!0N EQUIVALENT- BASIS % NaHC03 

Fig. 4. Effect of excessive amounts of sodium bicarbonate, normal carbonate, and 
sodium hydroxide on pH of doughs and soda crackers. 

However, the partial recovery of 52% of the carbon dioxide which was 
added to the dough as the highly alkaline normal carbonate, and the 
gain in the carbon dioxide content of crackers made from doughs which 
received sodium hydroxide, indicate that mass reactions may be 
involved in the baking-out of cracker doughs. These reactions prob- 
ably involve the formation and breakdown of alkali-protein-acid 
complexes. ; ■ 
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The commercial production of soda crackers has advanced to a 
high degree of efficiency. The various operations, such as mixing, 
fermentation, machining, 'are well controlled in most cracker plants, 
yet pH variations may occur and result in an inferior product. Any 
buffering agent which could be added to the dough ' in reasonable 
amounts and which would maintain the pH of the finished crackers 
within a desirable range would be of great value to the industry. 
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SODIUM BICARBONATE, % 

frig. 5. Bffect of diammonium phosphate in controlling pH of soda crackers made with 
increasing amounts of sodium bicarbonate. 

Most of the common buffering salts, such as the acetates and phos- 
phates of sodium and calcium, do not satisfactorily control the pH 
when used in practicable amounts. However, diammonium phosphate 
was found to be unusually effective. The addition of 0,25% diam- 
monium phosphate to soda-cracker doughs in which the bicarbonate 
was used in increasing amounts held the pH of the crackers within 
relatively narrow limits (Fig. 5). Diammonium phosphate also 
prevents the alkaline shift which results from an excess of alkali over 
that required to neutralize cracker dough to pH 7.0 (Fig. 3) . Further- 
more, as shown in Figure 6, diammonium phosphate buffers ' on The 
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acid side. In general, however, acid crackers are not so troublesome 
in commercial production as are alkaline crackers. 

The manner in which this ammonium salt tends to control the pH 
in soda crackers is unique. It is essentially a neutral salt and when 
mixed in a neutral dough apparently does not decompose to any ap- 
preciable extent. However, if excessive bicarbonate is present, the 
alkali formed during baking (Fig. 2) immediateh' tends to react with 



% N-LACTIC ACID 

Fig. 6. Effect of diammonium phosphate in controlling pH of soda crackers on the acid side. 

the diammonium phosphate, thereby causing ammonia to be driven 
off and phosphoric acid to be released; this acid, in turn, neutralizes 
the alkalinity. The sodium phosphates which remain as residual salts 
are well known for their buffering action. If, on the other hand, excess 
bicarbonate is not present, a shift to the alkaline side does not occur 
during baking, phosphoric acid is not released, and the diammonium 
phosphate apparently acts as a buffering salt. However, more com- 
plex reactions probably occur in which proteins and other dough 
constituents take part. 

Practical Aspects 

Considering the number of variables which influence the final pH 
of crackers, it is surprising that the average bakeshop superintendent 
controls this factor as effectively as he does. 

During the 18-hour sponge fermentation, organic acids are formed 
which must be neutralized by the addition of sodium bicarbonate or 
“soda,” as it is commonly known to the industry. As the average 
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plant lacks the facilities to determine the soda required by a procedure 
such as that proposed by Johnson and Bailey (1924), empirical methods 
nurtured mithin the industry have served as guides indicating the 
correct soda addition following long sponge fermentation. As an 
example, there is the anonymous advice to add 2 oz of soda per barrel 
of flour per degree Fahrenheit rise in temperature during this fermenta- 
tion. Most experienced men can make a shrewd estimate of the 
amount of soda necessary to produce good crackers from the rise in 
temperature and '^feel ” of the sponge after 18 or 19 hours of fermenta- 
tion. Trouble is sufficiently common, however, to justify the dis- 
semination of any information that might be helpful in maintaining a 
uniform pH from one batch of crackers to another. 

The reasons for maintaining a uniform pH at some point between 
7.2 and 8.4 are well set forth by Johnson and Bailey (1924). Proper 
texture, flavor, and appearance all depend largely upon accurate pH 
control. Commercially, soda crackers must be held within these 
pH limits if they are to be of acceptable quality and thus hold a strong 
place in their competitive field. The difficulties encountered in esti- 
mating the optimum addition of soda are indicated in Johnson and 
Bailey’s observations that the soda requirements ranged from 7.75 Ib 
to 9.75 lb of soda per 5 barrels of dough. 

Factors involved in pH control from a practical standpoint include: 
flour characteristics, sponge formula, dough-trough conditions, tem- 
perature, humidity, fermentation time, and diammonium phosphate 
used as a buffer. 

During recent y^ears, flour for use in soda crackers has been adapted 
more closely to its particular function by a better understanding of the 
requirements and by methods of measuring the qualities desired. 
Today a survey of sponge and dough flours would probably show a 
greater difference in analysis between the average sponge flour and 
the average dough flour than existed 20 years ago. Terms such as 
'‘fermentation tolerance,” “diastatic activity,” and "maltose value” 
are all comprehended by the cracker baker when he observes that the 
"sponge rose high enough” and "feels normal.” The influence of a 
flour from a" well-blended wheat mix upon pH is usually fairly constant 
within a givep shipment, but the experienced cracker baker notes a 
variation in pH when shifting from one brand of flour to another or 
from one shipiB'^nt: to, another.- 

The proportibn of flour to water in the sponge affects not only the 
pH but also the dfastatic and proteolytic activity during fermentation. 
During the first 4\to 6 hours the rate of fermentation is slow; this is 
generally believed \to be a period of hydration of the sponge con- 
stituents. The prepuce of more water in a' "slack ’’ sponge, naturally 
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leads to a faster complete wetting” and usually a more rapid drop 
in pH during the sponge fermentation. To keep this hydration 
period as uniform as possible, care should be taken to insure accurate 
mv^asurement of the water and of mixing time. 

One of the most difficult factors to control is the^ effect of the dough 
culture which remains on the inner surface of the dough troughs when 
they are emptied. This adhering dough can stimulate fermentation 
to such an extent that 10 to 12 oz more soda per 5 barrels of dough are 
required, even when all other factors are held as uniform as possible. 
This difference is between the first dough mixed in a trough that has 
been scraped clean and out of use for two or three days, during which 
time the culture loses its vitality, and a second mix in the same trough 
immediately after it has been emptied. In the latter trough, the 
third mix will require 4 ounces more of soda, and the fourth and fifth 
mixes will each require additional 2-oz increments. These data are 
based upon the use of metal troughs. It is the prevailing opinion 
within the industry that wooden troughs do not show quite such wide 
variations as metal troughs in the soda requirements for successive 
batches. 

Temperature is the cracker baker’s measuring stick. It indicates 
the point at which fermentation will start and, to a limited extent, 
when it will be complete. For example, a sponge ‘‘set” at 72‘^F 
(22.2°C) and fermented in a room held at 81°F (27.2®C) will give a 
temperature reading of Sd'^F (28.3°C) after 18 hours. Assuming that 
7 lb of soda will give the desired pH of 7.8 in the resulting crackers, 
how much soda will be required by the next sponge that gives a reading 
of 82°F (27.8°C) at the end of the fermentation period? Data which 
the authors have accumulated indicate that, within the range of 8 to 
12 degrees rise in temperature during the sponge fermentation, 6 oz 
of additional soda per 5 barrels of flour are required per degree Fahren- 
heit rise in temperature ; no data are available beyond this temperature 
range. 

In studying the control of the dough-room factors it has been found 
that 81°F (27.2®C) and 76% relative humidity provide a favorable 
environment for fermentation. A lower temperature may hinder 
fermentation and proteolytic activity to such an extent that the 
crackers will have a pH between 9 and 10 and exhibit a tendency to 
“buckle” out ^of shape during the bake. If the relative humidity 
decreases sufficiently to allow the doughs to crust over during the 
3- or 4-hour fermentation after the soda has been added, the conse- 
quent physical “holding down” of the dough seems to have much the 
same effect as a slight drop in temperature. 



26 


pH VARIATIONS IN SODA CRACKERS 


Vol, 21 


(3ii the other hand, if a little extra time elapses before baking, the 
crackers will drop, below pH 7.0 with all the attendant ills of ‘^acid” 
crackers. This undesirable result emphasizes the importance of 
scheduling plant operations so that the time interval between the 
setting of the successive sponges equals the baking time of each dough. 

To illustrate these factors, assume a dough room at SHdzl.'^F and 
76%^±2% relative humidity. A series of 'five sponges are set in 
troughs that were scraped and out of use for three days. The soda 
requirement under these conditions is 7 lb per 5 barrels for l.l'^F rise 
in temperature with a 6-oz differentia! per degree variation. Doughs 
1 and 2 were' set at 72®F {22.2°C) and rose to 82°F {27,8''^C) and re- 
ceived 6 lb 10 oz of soda apiece. Doughs 3 and 4 were set. at 73® F 
f22.8®C) and rose to 84®F (28.9®C) requiring 7 lb of soda apiece. 
Dough 5 was set at 71°F (21.7®C) and- rose to 83®F (28.3°C) and there- 
fore called for 7 lb 6 oz of soda. The same troughs were used as soon 
as emptied, and the next day the soda schedule was built around a 
basis of 7 lb 10 oz of soda per 5 barrels per 11 -degree rise with a 6-oz 
differential per degree variation. To follow through, the third mix 
would be based upon 7 lb 14 oz of soda, the fourth mix upon 8 lb, and 
the fifth mix upon 8 lb 2 oz. 

Despite, precautions and control measures, the vagaries of fermenta- 
tion are likely to cause trouble. However, these potential snags can 
be forestalled in large measure by the use of diammoniiim phosphate 
as a buffer during the baking process. This versatile chemical tends 
to bring both acid and too-alkaline crackers back into the acceptable 
range. The addition of 2 lb of diammonium phosphate and 2 lb 
of soda above the schedule requirements makes it possible to produce 
crackers day after day in which the pH will vary only 0.2 or 0.3. 

Observations in cases where the dough-room conditions varied from 
the standards set up indicate that the- buffer' action is' valuable in 
combating the visible effects of an excess. of residual soda. , Doughs in 
which the fermentation is retarded by a low temperature usually have' 
enough residual soda to give the baked crackers a dark brown color or 
bloom ’' associated with a pH at 'some point above 8.4. This- color 
reaction seems to be much less marked when diammonium phosphate 
has been added to the dough, even in cases where the excess of soda is 
sufficient to overcome the ' buffer, action and result in a pH above 8.4. 

Summary 

The pH variations encountered in the fermentation and, baking, of 
soda crackers have been investigated. When sodium bicarbonate is' 
added in amounts just sufficient to neutralize dough 'ingredients-' arid-: 
acids of fermentation, little or no change in pH , occurs durin'g",' baking. ' 
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However, when an excess of bicarbonate above that required for 
neutralization is added to the dough, a large shift in pH toward the 
alkaline side occurs upon baking. Diammonium phosphate was 
found to be unusually effective in preventing these pH shifts. It also 
buffers crackers on the acid side of neutrality. 

Evidence is presented that excessive bicarbonate in a soda cracker 
dough does not remain in that form during the baking of the cracker. 
Conversion to the normal carbonate, along with more complex reac- 
tions involving proteins and other dough constituents, undoubtedly 
takes place. 

Problems involved in controlling pH in the commercial production 
of soda crackers are discussed. 
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THE SHORTENER TOLERANCE OF BISCUIT AND 
SELF-RISING FLOURS 

F. R, SCHWAIN AND H. J. LoVING 
Kroger Grocery and Baking Co., Cincinnati, Ohio 
(Presented at the Annual Meeting, May 1942; received for publication May 18, 1942) 

Several years ago, the Cincinnati section, American xAssociation of 
Cereal Chemists, appointed a Research Committee to further activity 
in soft wheat problems. The project which was selected comprised a 
study of the optimum shortener level in biscuit flours of varying vis- 
cosity. This paper presents the studies which were undertaken, 
Whiting (1932) used 16% shortening in the work of the A.A.C.C. 
Subcommittee on Tests for Biscuits and Self-Rising Flours. He sug- 
gested that the shortening levels in many biscuit formulas may be too 
low for optimum results. Walter (1933) employed 13% shortening for 
soft flours and 15% for hard flours. In more recent studies (Whiting, 
1936; Gookins, 1941), shortener levels of the order of 12.5% have been 
advocated for all biscuit-type flours. In Cereal Laboratory Methods 
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(4th ed., 1941), 12.5% shortening is specified in the biscuit test for 
self-rising flours. 

The objects of the present study were to determine whether the 
12.5% shortening level recommended in test-biscuit formulas is too 
low and whether the shortener requirements vary with the protein 
content and viscosity of the flour. ' Three series of collaborative studies 
were undertaken, the first in 1936-37, the second in 1939-40, and the 
third in 1940-41. In the first' series, biscuits were baked from three 
bleached, soft wheat flours selected to cover the viscosity range en- 
countered in commercial self-rising flours, employing corn oil as the 
shortening agent at levels of 4}^ to 17J/2% in 2% increments. The 
results of these tests were not sufliciently conclusive to show definitely 
whether shortener requirements vary with the viscositj^" of the flour. 
The strongest flour, however, did not exhibit as much tolerance to 
variations in shortening level as the two weaker flours. It was the 
consensus of opinion that the study should be repeated, employing 
still higher percentages of shortening and adjusting the absorption to 
compensate for the effects of the varying fat levels on the consistency of 
the dough. 

These suggestions were followed by the 1939-40 Research Com- 
mittee, Only the second and third series of studies will be detailed 
here. 

Materials and Methods 

Second Series {1939-40 Research Committee). Two flours, D and E, 
which differed widely in protein content and viscosity (Table I) were 
converted to self-rising flours by the addition of 1.86% monocalcium 
phosphate, 1.5% powdered sodium bicarbonate, and 1.75% salt. 
Summer-grade cottonseed oil which had been alkali-refined, deodorized, 
and lightly bleached was employed as the shortening agent at levels of 
10, 15, 20, and 25% (flour basis). Preliminary tests were made to 
determine the optimum absorptions for each fat level for both flours. 
Detailed instructions for carrying out the biscuit test were supplied 
each collaborator. The required amount of water was placed in the 
mixing bowfl, the flour added, and the desired amount of oil distributed 
over the surface of the flour. Mixing w^as conducted with a Kitchen' 
Aid mixer for 10 seconds at low speed, the mass cut down, and the 
mixing continued for an additional 10 seconds at low speed. In other 
details the instructions essentially corresponded to those now given 
for the biscuit test in Cereal Laboratory Methods (4th ed., 1941). 
Biscuit volume was determined by seed displacement. The biscuits 
were judged for grain, tenderne^, flavor, and crumb color, according 
to the scoring system proposed by Walter (1935) and subsequently 
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included in the latest revision of Cereal Laboratory Methods (4th ed.^ 
1941). Total scores, which include biscuit volume in addition to the 
quality factors just enumerated, were computed by each laboratory. 
Since the adverse effect of increased shortening on crumb color would 
influence the total scores, the total scores omitting crumb color were 
also computed to obtain a more reliable measure' of the effect of shorten- 
ing level on the other quality factors. 

Third Series {1940-'41 Research Committee). Two shortenings, a 
lightly bleached cottonseed oil and hydrogenated shortener, each at 
levels of 13, 15, 17, and 19%, were investigated employing one flour (F, 


TABLE I 

Characteristics of Flours Employed in Biscuit Tests 


Fiour i 

Protein ^ 

Ash* 

pH 

i 

Viscosity 

No 

time 

l-hr. 

digestion 


% 

% ■ 1 


° Macm 

° Macm 

D 

10.8 

0.36 

5.7 

148 

164 

E 

8.0 

0.40 

5.9 

57 

72 

F 

1 

8.5 

0.37 

5.2 

61 i 

84 


1 Flour D; 92% patent, bleached with Agene and NovadeL milled from a mixture of 30% Illinois 
hard, 20% low protein Kansas, and 50% Indiana red wheats. 

Flour E: 92% patent, bleached with Agene and NovadeL milled from Indiana red wheat. 

Flour F: 85% patent, bleached with Beta Chlora and Novadel, milled from Indiana red wheat. 

2 15.0% moisture basis. 

Table I). As in the previous year, the optimum absorption for each 
fat level was determined by preliminary experiments. For each 1% in- 
crease in shortener, a decrease of about 0.4% water was necessary. The 
method of incorporating the hydrogenated shortener was the same as 
that given in Cereal Laboratory Methods (4th ed., 1941). In all other 
respects the experiments were conducted by the methods outlined for 
the second series. 

Results and Discussion 

The 1939-40 studies are summarized in Figure 1, which shows the 
average biscuit scores for all collaborators for the various shortening 
levels. /At any given shortener level, the softer flour (E) gave the 
better biscuits. For this flour the optimum shortening level was 15% 
as compared with 20% for the stronger flour (D). For all practical 
purposes, however, there is little difference between the optimum 
shortening level of the two flours since the quality of the biscuits made 
from the weak flour with 15 and 20% shortening, respectively, did not 
differ materially. Above 20% shortening, a marked decrease in biscuit 
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quality occurred with both flours. In Figure 1 the total scores, less 
crumb color, are also shown. It is noteworthy that increasing addi- 
tions of the cottonseed oil, which was appreciably pigmented, had a 
more pronounced effect on crumb color than on the other quality 
factors. 
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Fig. I. Effect of varying percentages of cottonseed oil sliortener on total score of biscuits from 
Flours D and E (outer ordinate). ' The effect of crumb color on total score is also removed for com- 
parative purposes (inner ordinate).. (1939-40 Research ' Committee, Cincinnati Section, A.A.C.C.) 

The results of the 1940-41 studies are summarized in Figure 2. 
The liquid and solid shorteners both gave biscuits of optimum quality 
hen.used^ at the. 19% level. ' This level is in close agreement with that 
found in the previous year's work. 

The optimum percentage of shortening found in these; studies is 
considerably higher than the 12.5% level currently employed in biscuit 
tests. , .As the fat' content 'was' increased, the' sp^ecific volume' of the 
biscuits showed little change, but''the 'tenderne.ss' of the biscuits W:as 
markedly improved; also, crumb grain was slightly better.. ' Although 
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cottonseed oi! had a significant effect upon the crumb color of the 
biscuits, the decrease in crumb color scores with increasing shortening 
content of the biscuits was not sufficient to offset the over-all improve- 
ment in the other quality factors. This is shown by Figure 2, as the 
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Fig. 2. Effect of varying percentages of cottonsetl oil and hydrogenated fat on total score of 
biscuits. Scores are also shown exclusive of crumb coIo"; these are adjusted for the effect of crumb 
color on the total score, (1940-41 Research Committee^ Cincinnati Section. A.A.C.C.) 

cottonseed oil curve (adjusted for the effect of crumb color on the total 
score) practically coincides with bot/€ the adjusted and unadjusted 
curves for the hydrogenated fat. ;/ 

Summary 

; The optimum shortener level’ for flours of the type, generally supplied' 
ior.'biscuit-making 'purposes is 'approximately, 19%. Commonly used 
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test-biscuit formulas specify 12.5% shortening. ' In employing this 
high shortening level, the absorption must be decreased to compensate 
for the effect of the extra fat on dough mobility; a decrease in water 
absorption of about 0.4% is required for every 1% increase in shortener. 

Comparative biscuit tests with a liquid (cottonseed oil), and a solid 
shortener (hydrogenated shortening) indicated that the optimum 
shortening level is independent of the type of shortener. 

Biscuit flours of varying strength, as indicated by protein content 
and viscosity, did not differ materially either in their tolerance to 
'varying percentages of shortening or in the quantity" required to yield 
optimum biscuits. However, the softer flours gave the superior bis- 
cuits and maximum biscuit quality was obtained with slightly lower 
percentages of shortening than are needed with the stronger flours. 
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THE SULFHYDRYL GROUPS OF WHEAT FLOUR 
Homer S. Myers ^ and Earl B. Working® 

(Received for pubiication February 5, 1943) 

In previous studies of the effects of oxidizing agents on fermenting 
doughs (Sullivan, Howe, Schmalz, and Astleford, 1940), the need for 
a study of the sulfhydryd groups of the protein and other fractions of 
wheat flour .has been expressed. The 'following work was done to 
help fill that need. 

1 Fonjierly graduate student, Kansas State Cottege, Manbattan,:' Kansas; now Staff member, Massa- 
chuj^ta Institute of Teclmologsr* Cambridgie, Mass. 

* Formerly protfessor of mSling industry, Kansas State College, Manhattan, Kansas; now research 
associate la cheiaMry*, Stanford University. Stanford University. California. 
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In, a study of the su!fliydr\i groups of proteins it should be kept in 
mind that these may exist in at 'least two well -recognized forms. 
Some proteins, such as urease, contain free or reactive sulfhydryl or 
— SH groups. These groups cause the protein to give a positive 
nitropriisside test when it is in the native form. In some proteins, 
such as egg albumin, however, there are ,no free sulfh^^dryi groups, 
but after denaturation these groups seem to be liberated so that they 
give a positive nitroprusside test. These groups are designated as 
bound or unreactive sulfhydryl groups. 

It has been postulated that the improving effects of oxidizing on 
a dough are due to the oxidation of the sulfhydryl groups of the flour 
proteins. This oxidation would result in the formation of disulfide 
cross-linkages between protein molecules. This increased degree of 
polymerization would therefore seem to produce a dough of greater 
coherence and gas-retaining properties. 

Balls and Hale (1940) have shown the presence of reactive sulf- 
hydryl groups in the petroleum ether extract of flour. Sullivan, Howe, 
and Schmalz (1936) have demonstrated the presence of glutathione, 
a tripeptide containing cysteine, in wheat germ. Small amounts of 
this sulfhydryl-bearing material are undoubtedly to be found in flour 
as a result of incomplete germ separation during milling. 

To our knowledge, no conclusive evidence of the presence of either 
reactive or unreactive sulfhydryl groups in the proteins of wheat flour 
has been presented. 

Methods 

The presence of reactive sulfhydryl groups in wheat flour proteins 
was indicated by two tests. The nitroprusside test was made by 
placing a small amount (approximately 10 mg) of the material on a 
porcelain spot plate and adding one drop of 1 : 1 ammonium hydroxide 
and one drop of freshly prepared 5% sodium nitroprusside solution. 
The development of a pink color on the surface of the material within 
30 seconds was taken as an indication of the presence of reactive 
sulfhydryl groups in the material being tested. 

Another more sensitive but less specific test was developed from 
the work of Anson (1941). He showed that cysteine was the only 
amino acid which reduced potassium ferricyanide immediately and 
stoichiometrically in dilute solution at neutral pH. The ferrocyanide 
formed by this reduction was then converted to Prussian blue which 
"was ■ .readily ' discernible' and, could ■ be, ■■ if desirable, measured ' quan- 
titatively. . 

In making this test, 2 ml of the protein dispersion (approximately 
2%) was treated with 0.2 ml of IM phosphate buffer (pH 6.8) and 
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i.O 111 ! of 0.01 i/ potassium ferricyanide. After proceeding for 5 
minutes, the reaction was halted by the addition of 0.5 ni! of 2iV sub 
furic acid. Then 0.1 ml of the ferric sulfate reagent described by Foiin 
and Malmros (1929) was added. The development of a blue color in 
the solution was taken as an indication of a reduction of part of the 
ferricyanide by the protein dispersion, and, in the testing of purified 
proteins, indicated the presence of reactive sulfhydryi groups. This 
color could also be measured colorimetrically and con\"erted to its 
cysteine equivalent from a calibration curve. 

To test for the presence of unreactive sulfhydr>d groups, the above 
tmo tests were applied to the protein material after it had been sub- 
jected to treatment intended to denature it. 

The nitroprusside test was applied as above after treatment of the 
proteins with heat, guanidine hydrochloride, or urea. Approximately 
10 mg of crystalline guanidine hydrochloride or 15 mg of urea were 
used in each test. 

The ferricyanide test was applied after the addition of 0.5 ml of 
10% Duponol PC solution. This is a monosodium sulfate of mixed 
fatty acids, chiefly Cio to Cis, a synthetic detergent capable of de- 
naturing egg albumin. This test was also applied after heating the 
protein dispersions both in the presence and absence of this amount of 
the detergent. Uniformly positive tests in all of these cases were 
taken as indications of the presence of unreactive sulfhydryi groups 
in that particular protein. 

The Gluten Proteins 

Gluten vras prepared from freshly milled unbleached patent flour. 
The gluten w^as washed from a flour-w^ater dough, dispersed in 0.005iY 
acetic acid, precipitated by the addition of phosphate buffer (pH 6.8) 
to 0.05if. This purified gluten was again dispersed in O.OOSiY acetic 
acid. Both the dispersion and a sample of the precipitated gluten gave 
a negative nitroprusside test. The dispersion gave a negative test for 
the presence of free reducing groups by the ferricyanide technique. 
From this it was indicated that the gluten proteins did not contain any 
•free; sulfhydryi groups. 

To test for the presence of any unreactive groups which might be 
liberated and become reactive during denaturation, the following pro- 
cedures were employed. Samples of precipitated gluten were heated, 
treated with guanidine hydrochloride and with urea, and tested with 
nitroprusside. These tests were uniformly negative. Portions of the 
gluten dispersion were boiled in the presence and absence of Duponol 
PC and also treated with Duponol PC at room temperatures. When , 
these dispersions were tested by the Anson ferricyanide technique ,de- 
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scribed above, the results were also negative. From this it was con- 
cluded that the gluten proteins did not contain uiireactive sulfh^'^dryl 
groups. 

Sullivan, Howe, Schmalz, and Astleford (1940) showed that a 
solution of 2,6 dichlorophenol-indophenol is eventually decolorized 
when boiled in the presence of gluten. They interpreted this as 
indicating a reduction of the 2,6 dichlorophenol-indophenol by sulf- 
hydryl groups. Todrick and Walker (1937) employed a similar 
technique for the estimation of the sulfhydryl groups of egg albumin 
and claimed it to be specific for those groups. 

The results of Sullivan, Howe, Schmalz, and Astleford (1940) were 
confirmed. It wms also found that at boiling temperatures gluten 




Fig. 1. The reducing power of egg albumin and wheat gluten as a function of time at 100®C. 

reduced ferricyanide under the conditions described above. Anson 
(1939) showed that groups other than the sulfhydryl of egg albumin 
were able to reduce ferricyanide at boiling temperatures. A sample 
of egg albumin was prepared after the method of Sorenson with the 
exception that no attempt was made to obtain a crystalline product. 
The final solution was dialyzed against distilled 'water until free of 
ammonium sulfate. The sulfhydryl content of this protein was 
determined and found to be equivalent to 0.62% c^^^steine. Aliquots 
of this solution and of the gluten dispersion were subjected to the 
action of ferricyanide in the presence of Duponol PC for various 
periods at boiling temperatures. The amount of ferricyanide reduced 
. then ' estimated colorimetrically .and expressed ' as . '** apparent 
cysteine content’*' 'of the respective " proteins. These, results, are, pre- 
.sented graphicaHy:'ln. Figure, 1. 
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Willie these results alone do not necessarily disprove that the 
■ reducing ability of gluten at boiling temperatures is due to sulfhydryl 
groups, they do support the belief that the action is due to other groups. 

The Water-soluble Proteins 

The soluble proteins were isolated from freshly milled unbleached 
patent flour. One hundred g of flour were digested with 200 ml of 
distilled water. The dispersion was centrifuged with a Sharpies 
Super Centrifuge. The supernatant liquid was saturated with solid 
ammonium sulfate and the precipitated proteins separated by filtration. 
These proteins were redispersed and reprecipitated twice^ more. The 
precipitated proteins gave a faintly positive nitroprusside test while in 
the native state. When dispersed they were able to reduce ferri- 
cyanide even without the addition of Dupono! PC.' These, results 
seemed to indicate the presence of reactive sulfhydryl groups in the 
soluble proteins. When these proteins were precipitated by the addi- 
tion of four volumes of alcohol and then redispersed, however, they 
gave negative responses to both tests. When the filtrate from which 
these proteins had been precipitated was evaporated to dryness there 
remained a slight residue of oily material which gave a positive nitro- 
prusside test. 

The following experiment was performed to investigate this phe- 
nomenon more fully. The soluble proteins were isolated from 1200 g 
of flour as described above by precipitation from saturated ammonium 
sulfate. The precipitate was washed with ethyl alcohol and petroleum 
ether and the washings evaporated under vacuum. The residue con- 
sisted of 2 g of fatty material. The nitrogen content of this material 
as well as the fraction insoluble in acetone is shown in Table I along 


TABLE I 

Analysis of Fatty Material Isolated from the Soluble Proteins 



Isolated 

Flour 


.Determination 

fraction 

faf^ 

Phosphatide>^ 

Kjeidalil, %iV' 

1.65 

1.65 

4.2S 

Precipitated. 'from acetone, % 

20.4 

25.0 , 

100.0 . 


1 Valties reported by' Sullivan, el al (1940). 


with similar values reported by Sullivan, et al on representative 

'flour fat, and on the phosphatide fraction of flour fat. These analyses 
indicated that this fraction was similar.' to whole flour fat' and was. . not 
.■especially rich 'in phosphatide. ■ ' 

'■ . That the sulfhydryl reactions of .these soluble 'proteins ''were: due/to 
the presence of contaminating lipids was further confirmed when the 
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proteins prepared from ' ether extracted flours failed to give posi- 
tive nitropnisside or ferricyanide reactions without preliminaty de- 
naturatioB. 

After the extraction of lipid material the soluble proteins were 
dispersed in a small amount of water to give a thick viscous paste. 
After treatment with guanidine hydrochloride or urea they gave a 
positive nitroprusside reaction. After treatment with Dupono! PC 
these proteins reduced ferricyanide under the conditions specified 
above. From these reactions it was concluded that the soluble pro- 
teins of wheat flour contained unreactive sulfhydryi groups which 
were made reactive by denaturation. 


Summary 

A preliminary study of the sulfhydryi groups of the various 
fractions of wheat flour revealed no indications of the presence of 
either reactive or unreactive sulfhydryi groups in the gluten proteins. 

There appeared to be no free sulfhydryi groups in the soluble 
protein fraction of flour. However, there W’ere definite indications 
of the presence of unreactive sulfhydryi groups which were liberated 
on denaturation of these soluble proteins. 

The presence of free sulfhydryi groups in the lipid fraction, first 
demonstrated by Bails and Hale, was confirmed. 
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VARIETAL, STATION, AND SEASONAL EFFECTS UPON SOME 
PROPERTIES OF MIXOGRAMS MADE FROM HARD 
RED SPRING WHEAT FLOURS BY VARIOUS 
MIXING METHODS ^ 

R. H. Harris, L. D. Sibbitt, and jM Uriel Elledge 
North Dakota Agricultural Experiment Station, Fargo, N. Dak. 

(Received for publication August 13, 19435 

In evaluating the quality of wheat varieties it is exceedingly 
important that new varieties be compared with well-known v/heats 
acceptable to the milling industry. It is evident that the greater the 
number of different quality comparisons made, within reasonable 
limits, the better will be the chances of finding an improved variety. 
Mixograms furnish an entirely different basis for judging wheat quality 
from that of protein content, loaf volume, ash, etc., and appear to 
supply valuable supplemental information regarding that elusive 
property of wheat known as '‘quality.” 

As no recent review is available, it is advisable to summarize those 
mixograph investigations that deal directly with wheat variety 
evaluation. Swanson (1939) postulated that the mixogram properties 
most closely related to baking results were: steepness or ascending 
slope of the curve; dough development time or time to reach the peak; 
the character of the peak, whether sharp or rounded; and the general 
width and height of the curve. It was pointed out that the mixogram 
characteristics of different wheat varieties should not be compared 
unless the wheats are grown under comparable environmental condi- 
tions and have approximately the same protein content. Varietal 
patterns were clearly visible among the curves obtained. Varietal 
differences have likewise been noted by Larmour, Working, and Ofelt 
(1939) and Ofelt and Sandstedt (1941). 

Sandstedt and Ofelt (1940) thought that both baking and mixo- 
graph studies made at a uniform protein level were more informative 
than if made at the original flour protein content. The effect of 
protein content on curve height was pointed out. Swanson (1940) 
also commented on the effect of protein content on curve height and 
on the ascending and descending slopes of the curve. He later (1941) 
showed that dilution of flour with starch to a common protein level 
reduced the curves within a variety to the same pattern, but did not 
obscure the characteristic differences between varieties. The effect 
of water absorption '"upon 'height' was found to be less than that'' of 
protein content. 

,, 4, PabEaiiedwltb' tiie approval of tbe Director of tfa'e Experiment Station. 

■ 3S 
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Johnson, Swanson, and Bayfield (1943) thought the greatest value 
of mixogram data lay in supplementing baking results. Relative 
mixing requirements, mixing tolerance, and varietal curve properties, 
could be derived from the mixograms. Significant relations between 
protein content and various mixogram characteristics were found. 
These researchers concluded that protein content -was a more likely 
index of loaf volume than an^' curve property considered in the study. 
Swanson and Andrews (1943) stated that the varietal pattern of 
mixograms was, for all ■ practical purposes, determined by the gluten 
protein and not by the starch. 

Descriptions of mixogram diagrams, with indicated methods of 
measurement of the more important characteristics, were published 
by Swanson and Johnson (1943) and bv Harris, Sibbitt, and Banasik 
(1943). 

The investigations to be described were undertaken to determine 
the influence of certain factors on stage of dough development, range 
of stability, and curve height; they are, in general, a continuation of 
the work reported by Harris, Sibbitt, and Banasik (1943). The 
specific objectives were (1) to ascertain if significant differences in 
mixogram properties exist between varieties and between environ- 
ments, and (2) to ascertain whether varietal and station differences 
are inherent in the gluten or starch component of the wheat. The 
effect of mixing method w^as also studied. 

Materials and Methods 

In the first series, 32 straight grade experimental flours milled from 
eight varieties (see Table II) of hard red spring wheat, grown under 
comparable conditions at four stations in North Dakota in 1942, were 
investigated. A second series represented six of the varieties of 
series one from the same four stations, but grown in 1941 and 1942. 

The milling was done on an Allis-Chalmers mill in a room held at 
approximately 70®F and 65% relative humidity. A National micro- 
recording mixer (mixograph) was used; its head had a speed of 89 rpm, 
and the spring setting w^as 9. The apparatus was enclosed in an 
air-conditioned case held at zb 3^ and 80% relative humidity. 

Flours were mixed with distilled water or with the ingredients of the 
mait-phosphate-bromate formula. The required quantity of liquid, as 
determined by an experienced operator when baking the flour, was 
added to 25 g of flour (13.5% moisture basis), and the mixer was 
run from 8 to 10 minutes, depending upon the variety under test. 

' In; using ■ fermented doughs, '50’ g. of, flour was , mixed' with the malt- 
: phosphate-bromate;, ingredients'- in ■■'the Hobart equipped, with special 
'' dough 'hooks'. The jdougfas were,' ..then divided.,, -into'' equal. 'portions by 
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weight and fermented for 3 hours at 30®C and 75% relative humidity. 
Punches were made after 105 and 155 minutes of fermentation, 
respectively. After 3 hours one dough was taken from the fermenta- 
tion vessel, placed in the mixograph bowl, and a 5-minute curve made, 
while the other was baked. 

The starch used for diluting the flours to a constant protein level, 
and the dried gluten used in the gluten and starch blends, were prepared 
by the procedure described by Harris and Sibbitt (1941). The flours 
were diluted with starch to a protein level of 12%, while the gluten 



Fig. 1. Representation of the method used in securing the mixogram jjroperty measurements. 
■Upper curve was made from a flour with long mixing requirements and range of dough stability. , Lower 
Cu.rve 'was from a flO'Ur having an exceptionally short dough development stage and poor dough stability, 

and starch blends were at a level of 13.5% (13.5% moisture basis). 
In the present work gluten-starch blends signify different glutens 
blended with a constant starch substrate, while conversely starch-gluten 
blends were made with variable starches blended with a constant 
gluten base. Moisture content was determined by drying in an electric 
oven at i30®C ± 2® for 1 hour. The protein was found by the 
Kjeldahl-Gunning method using 1 g of flour. 

Figure 1 shows the method followed in securing the measurements 
which are similar to those described by Harris (1942). Dough de- 
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velopment stage” may be somewhat of a misnomer for remixed doughs 
following fermentation, but it has been used to avoid confusion. 

Results and Discussion 

The influence of several factors on mixogram properties is 'shown 
in Table L The mait-phosphate-bromate formula lengthened the 
dough development stage and possibly increased the curve height, 
while fermentation markedly reduced the length of the dough de- 


TABLE I 

Mean Values of Mixogra^s Properties from the Various Series 
OF Deterjviinatzons Made on the Different Si\MPLEs 


Description of series 

Dough 

development 

stage 

Range 

of 

stability 

Post- 

optimum 

stability 

Curve 

height 


cm 

cm 

CM 

cm 

Flours, original protein content, 
flour- water formula 

4.59 

4.97 


7.32 

Flours, 12% protein level, flour- 
water formula, no fermentation 

4.53 

5.07 

2.56 

7.01 

Flours, 12% protein level, mait- 
phosphate-bromate formula, no 
fermentation 

6.39 

5.04 

2.76 

7.86 

Flours, 12% protein level, mait- 
phosphate-bromate formula, 
fermented and remixed 

Flours, 12% protein level, flour- 
water formula, no fermentation 

2.89 

3.89 

1.82 

8.15 

1941 crop 

5.17 

3.86 


5.46 

1942 crop 

5.11 

■ 4.07 


5.93 

Gluten-starch blends, malt-phos- 
phate-bromate formula, no fer- 
mentation 

4.13 

4.54 i 

2.60 

1 

8.47 

Gluten-starch blends, malt-phos- 
phate-bromate formula, fer- 
mented and remixed 

2.65 

3.46 

1.87 

8.71 

Starch-gluten blends, malt-phos- 
phate-bromate formula, no fer- 
mentation 

5.06 

4.38 ; 


8.11 

Starch-gluten blends, malt-phos- 
phate-bromate formula, fer- 
mented and remixed 

3.35 

3.49 


■ ,8.60 


Note: Thirty-two samples were used in all comparisons except for between years, where 24 were 
employed. 


velopment stage and range of stability, and apparently tended to 
increase curve height. Little difference is apparent in the results 
between the flours of the 1941 and 1942 crops. In both of the gluten- 
starch blends, fermentation reduced dough development stage and range 
of stability in the same manner as for the original flours. 

Table 11 presents the varietal averages of the lour ■ mixogram. 
properties from the diluted flour and gluten-starch blend doughs of 
the 1942 crop. Differences are apparent among varieties in dough 
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TABLE II 

Comparative Varietal Averages of Mixogram Proferhes from Flour and 
Glutex-Starch Blend Unfermexted Doughs Made with 
M'alt-Phos'Phate-Bro.mate Formula 
(Arranged in increasing order of flour dough development stage) 


i'ariely 

Dough 

development 

stage 


Range ot 

stability 


Curve height 

Total 

Post-optimum 

Flour * 

Blend - 

Flour ^ 

Ble'nd " 

Flour • 

Blend 2 

Flour ^ 

■ 

Blend " 


cm 

cm 

ctn 

cm 

cm 

cm 

cm 

cm 

2822 1 

2.9Q 

2.23 

3.31 

2,60 

1.65 

1.32 

8.05 

8.59 

Pilot B i 

3.56 

2.65 

3.64 

3.33 

1.71 

1.76 

8.08 

8.73 

Renown. I 

3.99 

2.69 

3.55 

3.41 

1.69 

1.86 

8.04 

8.59 

Regent 1 

4.33 

3.03 

4.45 

3.90 

2.28 

2,18 

7.89 ' 

8.54 

2829 1 

4.64 

3.33 

4.39 

3.83 

2.01 

2.30 

7.73 1 

8.25 

Thatcher '1 

4.90 

4.29 

4.44 

4.45 

2.35 

2.66 

8.10 1 

8.55 

Rival 1 

5.55 i 

4.26 

5.44 

4.85 1 

i 3.01 

1 2.82 i 

8.18 ! 

8.68 

Vesta I 

1 7.23 

4.64 

6.56 ■ 

5.66 i 

i 3.63 

3.31 ; 

8.03 1 

8.81 


Diluted flour at 12.0% protein level (13..S% moisture basis). 

® Glutens prepared from the various wheat varieties and blended with a constant starch substrate 
at a uniform prote,in level of 13.5% (13.5% moisture basis). 


FLOUR AT 0«G»aL PROTO< CONTENfr ♦ mTCT 





, THATCHER' , , WmL VESTA REGENT ' ■ 2»22 2BZ9 


Fig. 2. Comparative .mixogirams from , six 'hard' red spring wbeat varieties grown ..comparably in,' 
and 1942. "UXhe tower two'lines'af curves were 'obtained by remixing fermented doughs. ' 
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development stage and range of stability in both the flour and blend 
data. These differences seem to be correlated for the corresponding 
flour and blend mixogranis. 

Figure 2 shows comparative mixograms obtained fro, pi six of the 
hard red spring wheat varieties grown in 1941 and 1942. Three treat- 
ments are represented: flour- water mixes; flour with the malt-phosphate- 
bromate baking formula unfermented; and flour with the baking for- 
mula and 3-hoiir fermentation. It is apparent that all 1941 curves were 



FCRMEWTEO 



THATCHER RIVAL VESTA REGENT 2822 2828 


Fig. 3, Mixograms secured from the original flours diluted to 12.0% protein level blended with 
(a) glutens prepar^ from the different wheat varieties and a common starch; (b) starches prepared 
from the wheats and blended with the same hard red spring wheat gluten. Blends made at a protein 
level of 13.5%. 

of a different pattern from the 1942 curves. This difference is very 
noticeable in the flour-w^ater doughs. Most of the 1941 curves are 
narrow and rise to a relatively sharp peak. Rival and 2822 are the 
most noticeable in these respects. The 1942 curves are much broader 
and less sharply peaked. These characteristic differences are shomm 
by ail the methods employed.. The baking formula ingredients 
increase the width of ' all ' the ■ curves appreciably, , Fermentation, 
followed -by remixing, tended ■, to . shorten the curves', a,nd reduce the.' 
height. Some of the ' varietal .. characteristics . carry ■ through the 
fermentation and remixing procedure. 

'■' "'/"' Figure ,' 3^ .presents 'a, ,, few .''.rnixograms taken , from, comparisons'"' 
between 'the original': 32 flours and.the dried gluten aiid,:starch '.blends,..'; 



44 MIXOGRAMS FROM HARD RED SPRING WHEAT FLOURS Vol. 2! 

One set of curves was obtained by mixing the doughs with the mait- 
phosphate-bromate formula, while the other group was made by 
remixing after fermentation. Varietal patterns can be discerned in 
the diluted flour curves and with the blends made with the constant 
starch substrate and different glutens. Variable starches' with the 
constant gluten, however, do not show these characteristic properties. 
It is evident that mixing requirements are influenced by the gluten 
and not by the starch; similar results were obtained by Swanson and 
Andrews (1943) in studies of hard red winter wheats. 

Table III shows an analysis of variance of the data from series one. 


TABLE II! 

z\XALysis OF Variance of the Mixogram Data for Eight Wheat Varieties 

Grown in 1942 


Source of variation 

Degrees 

of 

freedom 

Variances 

Dough 

development 

stage 

Range of dough stability 

Curve 

height 

Total 

Post- 

optimum 

Between varieties 

7 

20.32 1 

13.74 1 

4.67 1 

0.22 2 

Between methods 

2 

98.14^ 

14.46 1 

7.891 

11.17* 

Between stations 

3 

3.57 ‘ 

2.59 2 

0.72 

4.231 

Interactions: i 






(Varieties X methods) | 

14 

1.93 i 

1.02 

0.72 2 

0.13 

(Varieties X stations) 

21 

0.84 2 ! 

0.42 

0.24 

0.12 

(Stations X methods) j 

6 

1.14 2 ; 

2.83 ^ 

1.57 1 

0.23 

(Varieties X methods | 

42 

0.38 

0.81 1 

0.34 

0.08 

X stations) 






Total 

95 






^ Oenotes significance exceeding 1 % point, 
2 Denotes significance exceeding 5 % point. 


The triple interaction, varieties X methods X stations, has been used 
as a measure of error. It is apparent that very significant differences 
exist between wheat varieties in all except one of the measurements; 
for curve height the difference is significant at the 5% point but not 
the 1%. Differences in all four properties are extremely significant 
between methods; Table I shows that this is chiefly because of the 
effect of fermentation and remixing upon the dough; and this is in 
accord with a priori expectations. The station differences are signifi- 
cant at the 1% point for dough development and curve height, while 
total range of dough stability is significant at the 5% point only; 
no significant variations in post-optimum dough stability were found. 
Significant interactions are shown between varieties and methods for 
dough development and post-optimum range of stability. For 
varieties X stations the only significant effect is for dough develop- 
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iiient stage, while for stations X methods all interactions are signifi- 
cant except for curve height. 

Table IV, which deals with series two, shows results somewhat 
similar to those in Table III, One mixing method, using the malt- 
phosphate-bromate formula, was employed. Varietal differences in 


TABLE IV 

Analysis of Variance of the Mixogram Data for Six Wheat Varieties Grown 

IN 1941 AND 1942 


! 

Source of variation 

Degrees 

of 

freedom 

L 

Dough develop- 
ment stage 

Variances 

j Range of 

1 dough stability 

Curve 

height 

Between varieties 

5 

40.07 1 

12.30 1 

i 0,15 

Between years 

1 1 

0.07 

0.90 

1 4.75 1 

Between stations 

1 3 

9.29 ^ 

1.35 

1 1.191 

Interactions: 




1 

1 

(Varieties X years) 

5 

0.58 

0.90 

1 0.20 

(Varieties X stations) 

15 

1,43 

0.43 

! 0.14 

(Years X stations) 

3 

3.92® 

1.56® 

1 0,06 

(Varieties X years X stations) 

15 

0.92 

0.46 

0.16 

Total 

47 





1 Denotes significance exceeding 1 % point. 

2 Denotes significance exceeding 5 % point. 


dough development stage and range of stability are very marked, 
while curve height differences are not significant. Station differences 
are very significant for dough development and curve height, but not 
for range of stability, while annual differences are significant only for 
curve height. For the interactions, varieties X stations are not 
significant throughout; years X stations are significant for dough 
development stage, and range of stability at the 5% point, while 
curve height is not significant; varieties X years interactions are 
quite insignificant. 

The analysis of the gluten-starch blend data for the third series is 
shown in Table V. The varietal effect on stage of dough development 
and range of stability is extremely significant, while for curve height 
there is a significant effect at the 5% point. The effect of method is 
also very marked for the three properties studied* Station differences 
are not significant except for curve height which is significant at the 
5%,-" point - ' The . interaction of varieties X methods is significant at: 
the 5% -point for dough, development stage and range of stability, 
and for varieties X stations only in dough development. There was 
no significant interaction between stations and methods. 

The data for starch-gluten blends showed results of but minor 
interest. There were, of course, very significant differences between 
methods. Varietal and station differences were of little importance, 
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TABLE V 

Analysis of \Ariance of the Mixograsi Data for the Gluten Blends with 

A Common Starch 


Source of variation 

Degrees 

of 

freedom 

Dough develop- 
ment stage 

Range of 
dough stability 

Curve 

I'leight 

Between varieties 

7 

6.471 

7.421 

0.22 2 

Between methods 

1 

35.101 

18 . 71 1 

0 . 96 ^ 

Between stations 

3 

0.16 

.. 0.53 

0 . 31 2 

Interactions: 


i . 1 



(Varieties X methods) 

! 7 

^ 0.31 2 1 

I 1.112 i 

0.13 

(Varieties X stations) 

1 • 21 

! 0.31 2 1 

1 0.36 i 

0.12 

(Stations X methods) 

3 

I 0.08 1 

j 0.31 

0.14 

(Varieties X nieth'Ods X .sta- 

1 21 

i 0.11 ! 

0.35 

0.07 

tions) 



! 


Total 

63 





i Denotes significance exceeding 1% point. 
Denotes significance exceeding 5 %. point. 


TABLE VI 

Correlation Coefficients for the AIixogram Data 


Variables correlated 




A 


¥ 


Dough development stage 

Range of stability 

Dough development stage 

Range of stability 

Dough development stage, un- 
fermented doughs 
Range of stability, unfer- 
mented doughs 

Dough development stage, fer- 
mented doughs 

Range of stability, fermented 
doughs 

Dough development stage, un- 
fermented doughs 
Range of stability, unfer- 
mented doughs 

Dough development stage, fer- 
.mented doughs 
Range ■ of stability, fermented, 
' doughs 

Flour, original protein content 
Flour, original protein content 
Flour doughs, 12% protein 
level, fermented 
Flour doughs, 12,% protei,n 
level, unfermented 
Flour-water doughs,, 12% pro- 
tein level 

Gluten-starch blends, ' unfer- 
raented 

Gluten-starch blends, ' fer- 
mented ■' , 


Unfermented doughs, flour 
22% protein lev^el, cm 
Unfermented doughs, flour 
12% protein level, cm 
Unfermented doughs, gluten- 
starch blends, cm 
Unfermented doughs, gluten- 
starch blends, cm 
Flour 12% protein level, cm 

Flour 12% protein level, cm i 

Flour 12% protein level, cm : 

Flour 12% protein level, cm 

Flour 12% protein level, cm 

Flour 12% protein level, cm 

Flour 12% protein level, cm 

Flour 12% protein lev^el, cm 

Wheat protein content, % 
"Wheat protein content, % 
Dough development stage, 
cm 

Dough development stage, 
cm 

Dough development stage, 
c,m , 

Dough development stage, 
cm 

Dough development stage, 

, cm ■ , 


Fermented doughs, flour 
12% protein level, cm 
Fermented doughs, flour 
12% protein level, cm 
Fermented doughs, gluten- 
starch blends, cm 
Fermented doughs, gluten- 
starcli blends, cm 
Gluten-starch blends, cm 


+0.740 

+0.560 

+0.878 

+0.709 

+0.720 


Gluten-starch blends, cm 


+0.705 


Gluten-starch blends, cm 


+0.856 


Gluten-starch blends, cm 


+0.653 


Starch-gluten blends, cm 
Starch-gluten blends, cm 
Starch-gluten blends, cm 


+0.390 

+0.355 

+0.183 


Starch-gluten blends, cm 


-0.083 


Height of curve, cm 

Flour loaf volume, cc 

Post-optimum range of .sta- 
bility, cm 

Post-optimum range of sta- 
bility, cm 

Post-optimum range of sta- 
bility, cm 

Post-optimum range of sta- 
bility, cm 

'Post-optimum range of sta- 
bility, cm 


+0.336 

+0.661 

+0.794 

+0.698 

+0.471 

+0.809 

+0.596 


1 Value of fxj, at 5% point 0'.3S2; at 1% :pomt' 0.464.. 
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and it is evident that wheat starch had no important role in determining 
mixograra pattern in these flours. 

The more important correlation coefficients which have been 
calculated for the relations between many of the variables studied are 
given in Table VI. For dough development stage and range of 
stability, there is a positive relation between imfermeiited and fer- 
mented doughs with both flours at 12% protein and gluten -starch 
blends. There are also significant positive relations between the 
flour doughs and the gluten-starch doughs in each instance, including 
both unfermented and fermented doughs. In the comparisons be- 
tween flour and starch-gluten doughs, however, the relations are of 
little interest. These findings are further evidence that the curve 
pattern is determined by the gluten. Wheat protein content appar- 
ently had little influence on curve height in this series of samples. 
A positive relation was found between dough development stage and 
post-optimum range of stability, which would seem to indicate that 
flours with long mixing requirements also tend to have greater mixing 
stability. 

The data presented indicate that hard red spring wheat varieties 
may be differentiated to a considerable extent by their mixogram 
properties. These properties are also significantly affected by the 
environmental conditions under which the wheats are grown and are 
inherent in the gluten component. It seems probable that dough 
mixing requirements are positivel}^ correlated with dough stability 
during mixing. 

Sumiriary 

The mixogram properties of a number of hard red spring wheat 
varieties were examined in respect to (1) the significance of varietal 
and environmental differences, and (2) the comparative influence of 
the gluten and starch component of wheat on these differences. 
Three mixing procedures were also compared respecting their effects 
on these properties. 

Dough development stage, range of dough stability, and curve 
height were determined by simple measurements taken from the 
mixogram curves. Significant differences were found among varieties 
and stations for these properties among eight varieties grown at four 
locations in 1942. There were highly significant differences between 
mixing methods. For six varieties grown at four stations for two 
.years, significant differences between years were found only for. curve 
height. ■ In this series, very significant differences were found between 
■'■varieties' for dough development stage and range 'Of stability. "Varietal 
"mixing, characteristics were reasonably "'Consistent for the two cro'p 
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years. In both series, station differences were highly significant for 
dough development stage and curve height. 

Mixograms obtained from blends of giuten and starch showed 
quite conclusively that varietal differentiation in mixing properties is 
related to the gluten and not to the starch component. 

Fermentation did not- change the relations between corresponding 
iiiixogram properties. Doughs having a long dough development, 
stage tended to have a greater range of stability. 

Several of the wheats examined differed significantly in curve 
properties from varieties that have been accepted as satisfactory by 
the milling industry. 

The value of the mixograph as an accessory tool in the evaluation 
of the quality of hard red spring wheat varieties has been demonstrated 
by the work described. 
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THE USE OF THE MIXOGRAM IN EVALUATING 
QUALITY IN SOFT WHEAT VARIETIES ^ 

V. H. Morris, C. E. Bode, and H. K. Heizer - 

(Received for publication July 28, 1943) 

New varieties and selections of soft wheat developed by plant 
breeders are commonly evaluated by comparing their quality charac- 
teristics with those of older varieties whose commercial utility is 
known. Undoubtedly the best criteria of quality in wheat flours are 
performance tests in which the flours are actually baked into the 
products for which they are intended. Unfortunately, evaluation of 
soft wheat is complicated by the multiplicity of products into which 
the flours are processed and the lack of standardized baking tests which 
might serve as adequate indices of quality. For the characterization 
of soft wheat breeders’ samples therefore, it has been necessary to rely 
largely on chemical, physical, and physiochemical tests. The apparent 
viscosity of an acidulated flour- water suspension is an example of the 
type of test which has proved valuable as a quality index. 

A recent physical test for wheat flour doughs w’-hich has proved 
valuable for the characterization of w’^heat varieties, especially in the 
bread-production field, is the recording dough mixer or mixograph. 
The instrument, developed by Swanson and Working (1933), was 
^ designed to measure and record automatically the rate of dough 
development, the duration of resistance against mechanical action, 
and the rate and extent of increase in mobility of dough as a result of 
mechanical action.” Since these characteristics of dough are a result 
of inherited traits of wheat varieties, some investigators (Swanson and 
Working, 1933; Swanson, 1936 and 1939) regard the mixograph as 
particularly valuable in wheat improvement work in differentiating 
characteristics due to inheritance. In a study of tests applied to hard 
red winter flours, Larmour, Working, and Ofelt (1939) concluded that 
where the protein content is known, the mixograms are most useful in 
establishing qualitative differences betw^een varieties that may :or may 
not be equal in baking strength. 

In connection with a study of baking tests applied to 10 soft wheat 

■ varieties, '' ShelIenberger, Hodler, -and Nelson (1942) pointed out that' 
'mixograms ■ were useful also; for.- indicating differences , in ; the dough' 
characteristics of soft wheat flours. ^ ^ ^ ^ 

■ . 4; Coo'pemtive imwtigations between the .Oivisioii' of Cco'eai Crops and Diseases, Bureau of Plant 
Industry. Soils, and Agricultural Engineering, Agricultural Research Administration, U. S. Department 
of Agriculture, and the Ohio Agricultural Experimmt Station. 

^ Chemist, Assistant Teblinologist. and Agent, respectively. Federal Soft Wheat Laboratory* 
Wooster, Ohio. C. E. Bode and H. K. Heizer are now on military furlough with the U. S- Army. 
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The purpose of the work reported in the present paper was to 
investigate the mixogram as a measure of quality in the characteriza- 
tion and evaluation of the soft wheat variety samples received at the 
Federal Soft Wheat Laboratory. 

Material and Method 

A National Swanson-Working mixograph, operated in an air-condi- 
tioned laboratory maintained at 80 db L0®F, was used in this study. 

The samples of wheat were milled on an Allis-Clialmers experi- 
mental mill The patent, consisting of break flours and first two 
reductions, was kept separate from the last two or three reductions 
until ash determinations could be made on these streams. Enough of 



Fig. 1. Measuring mixogram areas with planimeter. 


the latter streams was then added to bring the ash content of the flour 
used for quality tests to about 0.42%. It has been found that on the 
average this amounts to about 95% of the straight flour. 

In developing a procedure suitable for routine samples, two ob- 
jectives were considered: (1) coverage of the entire range in strength 
normally found in wheats in the eastern soft wheat region without 
adjustment of the mixograph, and (2) a single-figure score for express- 
ing general strength or characteristics. 

A procedure has been developed which seems to incorporate these 
features.' , This , procedure includes the use of '35 g of flour (13.5% 
moisture basis), a spring tension of 8, a mixer head. speed of 90 rpm, 
and a constant absorption of 54%.®. 

Tliis absorption represents an average value for soft wheat ' Sour as determined .for 'bread, baking 
purposes. . . 
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Ie attempting to solve the problem of a single-figure score for ex- 
pressing the general characteristics of a niixogram, various nieasiire- 
ments, including some of those suggested by Johnson and Swanson 
(1942), were made on a large number of niixograms. The measure- 
ment which seemed best to express the gluten strength of each flour 
sample is the “area under the mixogram.” 

The measurements reported in this study were made with the 
Keuffel and Esser Company planimeter shown in Figure 1. The 
dotted lines in this figure represent the path followed by the planimeter 
pointer in outlining the “area under the mixogramd' The results arc 
read from the planimeter scale in square centimeters. A uniform 
lapsed time of exactly 7 minutes from start of mixing was included in 
each area. For simplification, the measurement is referred to in this 
paperj as “mixogram area.” 

It has been found that although the general characteristics of a 
mixo^ram are readily reproducible, there is often a substantial dif- 
ference in area between replicates even under carefully controlled 
conditions. On the basis of 1941 and 1942 results, the standard error 
of a single result has been determined to be 1.745 sq cm. Thus a 
differ snee of at least 3.5 sq cm is required for significance between 
means of duplicates, and 5.0 sq cm for a single mixogram on each 
samp (e. 

i Results 


Ci^aracterization of Varieties by Mixograms. The use of mixograms 
in tht| characterization and evaluation of soft wheat varieties is illus- 
trated b}^ results obtained with the uniform soft winter wheat nursery 
samplles. This series is grown at a number of state experiment stations 
eachJyear for observations relative to winter hardiness, yield, disease 
reactlion, etc., and includes a number of the most promising newer 
varielties or selections from the soft wheat region, in addition to many 
of older varieties whose commercial utility is known. The results 
confithered in this study involve 29 varieties grown in 1941 at four 
loc^ti|ons in Ohio (Holgate, Wooster, Columbus, and Miami) and one 
each Jin New York, Illinois, Michigan, Indiana, and Kentucky. The 
grain! produced at these locations was composited by variety previous 
to miilling. This series of samples is considered especially suitable for 
comparing methods of evaluating inherited qualitative differences in 
glutein characteristics, since differences in protein quantity among 
these! samples are relatively small, and those which do occur are either 
random differences or are due to an inherited tendency" of certain 
varieties for high or low protein content. 

T|ie older varieties which are included to serve as standards of 
coraphrison were chmen because they represent the range in gluten 


. f 
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strength from hard red winter to soft white wheats. The ability of 
the mixograph to differentiate varieties over this range is demonstrated 
in the mixograms, shown in Table I and Figure 2. Arrangement of 


TABLE I 

Mixogram Areas of Varieties Grown in Eastern Uniform Soft Winter 
Wheat Nurseries; Variety Samples Composited from Grain Grown 
AT Nine Locations in 1941 



Ifixograms of varieties grown ixi eastern iinjfonii'"aoft winter wheat nurseries; sample 
V posited from grain grown at nine locations in 1941. 


Variety 

MIsogram 

area 

Variety 

; 

Mixogram • 
area i 

Variety 

Mixogram 

area 


5-g cm 


sq cm 


sq cm 

Kharkof 

94 

Clarkan 

85 

Fultz Set. Hung. 

76 

Plirkof 

92 

Baidrock 

84 

Fairfield 

74 

Brill 

92 

Fulcaster 

83 

Gladden 

72 



Minhardi 

82 

Early Premium 

71 „ 

Mich. Amber 

91 

Wise. Fed, No. 2 

82 

Purdue No. 7 

.71 

Minturki 

1 91 

Prairie 

80 




Forward 

1 88 

Trumbull 

80 

Yorkwin 


67 

Red Rock 

88 

Purdue No. 1 

80 

Wabash 


67 

Kawwale 

86 

Thorne 

80 

Am. Banner 


62 


1 

Nittany 

80 

Junior No. 6 


P 



Purplestraw 

79 






Illinois No. 2 

78 





the varieties? ‘.according to mixc^raiB area is coi|sistent with wlat is^ 
known regarding the relative quality characteristics of the variet^s as \ 
shown hy various ^physicochemic^ .and baking tests conducted cYer a' 
period of years. "" „ ' ' ' . ‘ 



Jan., 1944 V. H. MORRIS, C. E. BODE, AND H. K. HEIZER 


53 


Of the three varieties having the greater mixogram areas, Kliarkof, 
Brill, and Purkof, the first two are hard red winter varieties, and one 
parent of Purkof was a hard red winter wheat. The mixograph thus 
confirms the results of several years’ experience with other quality 
tests in characterizing these three varieties as outstanding among the 
varieties in this series in gluten strength. Satisfactory commercial 
utilization of these varieties is limited to bread production. 

Ranking the varieties according to mixogram area places in the 
next group Michigan Amber, Minturki, Forward, Red Rock, and 
Kawvale. The first mentioned is a selection from a cross between a 
har'd red winter (Turkey) and a soft wheat (Odessa). Other years’ 
results with Minhardi suggest that it also belongs in this group, 
altho^igh the mixogram area of this sample did not so place it. These 
varieties have been characterized by other quality tests as soft red 
winte|* wheats with gluten strength somewhat weaker than the first 
group, suitable for the most part for family trade flours. 

According to mixogram area, Clarkan, Baldrock, Fulcaster, Wis- 
consin Pedigree No. 2, Prairie, Trumbull, Purdue No. 1, Thorne, 
Nittaiiy, Purplestraw, and Illinois No. 2 might be included in the next 
group Although there is some range in quality exhibited among 
members of this group, the older varieties are known to produce satis- 
faGtor|r soft wheat flours for such purposes as cakes, cracker sponges, 
etc. The results of laboratory quality tests agree in characterizing 
these varieties as medium strength soft red wheats. 

Frpm the standpoint of general quality tests there is no clear line 
of deriarcation between the varieties listed in the preceding paragraph 
and tie following: Fultz Sel. X Hungarian, Fairfield, Gladden, Early 
Premiim, and Purdue No. 7. Of this group, Fultz Set. X Hungarian, 
Gladcen, and Purdue No. 7 in particular have shown a slight but 
distirct tendency toward a softer gluten than the other members of 
the Go groups. In this respect the mixogram area and other quality 
tests^re apparently in agreement. 

Tie varieties placed in the weakest group according to mixogram 
area ire, with the exception of Wabash, soft white wheats. Physico- 
chericai and baking tests agree in characterizing Wabash and Yorkwin 
as bing of about equal gluten strength; American Banner and Junior 
No. 1 as being distinctly softer in quality. 

"^^tliough in general the varieties are thus arranged in logical groups 
ding to quality reputation and mixogram areas, it should perhaps 
minted out that the smallest area of a variety in one group may 
very little from the largest area of a variety in the following 
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Cwrelaiwu C&effidenis between Mixogram Areas ami Results of 
Olher Qiml-ily Tests. Additional evidence of the general agreement 
between mixogram areas and the results of other tests used for quality 
characterization in this series is afforded by the simple correlation coef- 
ficients presented in Table IL 

TABLE n 

Correlation CoEFFiciEXTS Between Mixogram Area, Flour Protein, Dough- 
ball Time, Viscositv Values, Loaf Volume, and Cookie Spread, Factor 
FOR 29 Varieties Grown in Eastern Uniform 
Soft Wheat Nurseries in 1941 

(Valiie required for significance at 1% point for 29 varieties r = ± 0.470) 


Doughbali 

time 

\’i3COsity 

20.g ! 2-g 

tiour 1 protein 

Loaf 
volume 
M-P-B i 

C 

s 

1 

[•ookie 

pread 

actor 

+0.674 

+0.821 

+0.693 

+0.717 


-0.810 

i +0.379 1 

+0.688 

+0.318 

+0.642 


•0.595 


+0.576 

+0.583 

+0.488 

1 H 

•0.529 



+0.839 

+0.736 i 

1 + 

•0.768 




1 +0.573 1 

i 

-0.653 

i i 



1 1 

b 

-0.696 


Mixogram area +0.659 I +0.674 1+0.821 +0.693 +0.717 -^-0.810 

Flour protein, | +0.379 i+0.688 1+0.318 +0.642 -4-0.595 

Doiighball time I 1+0.576 1+0.583 +0.488 -..0.529 

Viscosity, 20-g flour j j ; i+0. 839 +0.736 —-0.768 

Viscosity, 2-g protein | | ill +0.573 -(,-0.653 

Loaf volume, | | i i - -0.696 

^ ^ ^ ^ ! ! L ^ T 

» Formula ,B, BayfieM (1941). 

Mixogram area gave a high positive correlation with 20-^’ flour 
viscosity' (r = +0.82) and an equally high negative correlation 
(f 0.81) with cookie spread factor (H,aiison, 1943). Mi^',^\)gram 
area was correlated with loaf volume to a somewhat lesser ^degree 
(f ==+ 0.72) although the relationship w’as highly significant was 
true also of the coe,fficients between mixogram area and 2-g +frotein 
viscosity (r = + 0.69) and doughball time (r = + 0.67). 

The 20-g flour viscosity determination w^as, in general, con^-elated 
with the other quality tests to about the same degree as was ,mix+^ogram 
area. Cookie spread factor and loaf volume were correlated less . -highly 
with, the results of other tests than was either 20-g flour visco&ii^ity or 
'mixogram area. 

' Influence' of Environment on Quality. The modifying effe, rts of 
; environmental factors on the quality characteristics of wheat va4;i|ieties 
'are ' well recognized. It has been shown by Swanson (1939)*'+ that 
:envi,ronmental, factors, particularly as they influence protein cor jitent,/ 
'cause , marked variations , in the mixograms of a wheat variety, y 
-extent; to ' mrhich mixograms. of variety samples' growm in the + 

soft' wheat : region are, influenced by environmental factors * 

illustrated by mixograms, , of' -five we'll-knoivn commercial vai J ^ 
grown at four locations in 1941, -.shown 'in Figure -3. ' U 
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These five varieties represent the range of quality found in the 
eastern area. Purkof is a semi-hard to hard red winter wheat and is 
too strong for most purposes except bread. Red Rock when grown 
under most environmental conditions is regarded as too strong for a 




satisfactory pastry flour. Nittany and Trumbull are soft red winter 
wheats of recognized pastry quality. American Banner is a white 
wheat satisfactory for weaker pastry purposes. 

The protein content of the varieties at each station was much the 
same, although some variation may be noted. The protein contents 
together with the mixogram areas are given in Table III. 


TABLE III 

Protein Contents and Mixogram Areas of Five Wheat Varieties Grown 
AT Four Locations in the Eastern Soft Wheat Region in 1941 , 


Location, 

; 1 

Purkof 

, ■ .i 

Red Rock 

Nittany 

Trumbull 

Am,e,rlcan 

Banner 

Av- 

erage 

1 Av- 
i erage 

Pro- 

tein 

Mixo- 

gram 

area 

Pro- 

tein 

Mixo- 

gram 

area 

Pro- 

tein 

Mixo- 
gram 
, area 

Pro-' 

tein 

Mixo- 
i gram 
area 

Pro- 

tein 

Mixo- 

gram 

area 

Pro- 

tein 

Mixo- 

gram 

area 


% 

sq CM 

% 

sqcm 

% 

$q cm 

% 

sq cm 

% 

jsf 'em 


sq COT 

.East Lansing, Mich, 

7,2 

" 72 

7.3 

67 

7.3 

56 

7.8 

60 

7.0 

47 

7,3 

62.0 

Cotoffibia, Mo., 

s.r 

78 

9.0 

SO 

8.9 

66 

9.0 

65 

8.6 ■ 

61 

8.7 

,'70.0 

Urbana,'!!!.' 

10.5 

104 

11.7 

98 

n.i 

91 

11.1 

86 

10.1 

69 ; 

10.9 

89.6 

Stat^ville,, N. Car., 

14.5 ' 

126' 

13.0 

105 

13.2 

100 

13.6 

105 

12.7 1 

96 1 

13,4' 

106.4 
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The immediate attainment of minimum mobility of the doughy 
characteristic of low-protein soft wheat flours, is well illustrated by 
the mixograms of the Michigan samples. Only the stronger gluten 
varieties, Purkof and Red Rock, show some development of gluten 
with increased mixing time. 

V’hen the wheat was grown under environmental conditions (Mis- 
.souri) resulting in an average flour protein content of 8.7%, , the 
mixograms of even the softer varieties (Nittany, Trumbull, American 
Banner) began to demonstrate some dough development with mixing. 
With the samples grown under Illinois conditions, which contained 
2.2% more protein on the average than the Ylissouri samples, there 
was a further marked increase in mixing time to the point of minimum 
.mobility. These mixograms also show, ho’wever, the characteristic 
rapid narrowing in the weakening slope- noticeable in the curves from 
the lower protein samples. ' 

The mixograms from the North Carolina samples, which contained 
an average of 13.4% protein, are characterized by no further increase 
in mixing time to the point of minimum mobility, but by some increase 
in general width of curve, especially at that point. This level of 
protein is seldom found in the eastern soft wheat region and represents 
an average increase of 2.5% over the Illinois samples. 

These mixograms -demonstrate the effect environment may have 
on -the mixogram characteristics of a variety and serve to emphasize 
the necessity in comparative evaluation of varieties of using samples 
grown under uniform environment and wdth the same relative protein 
content. It can be noted, however, that at any one location, the 
five varieties are very well differentiated except for Nittany and 
Trumbull, which are known to be similar- in quality. Although in 
several instances the differences in mixogram areas do not reach the 
5 sq cm required for statistical significance, other characteristics of,, the 
- mixograms do' indicate definite differences in gluten quality. ' The 
Purkof and Red Rock samples from Michigan and Missouri are ex- 
■ amples of such samples. 

Summary 

A satisfactory procedure Js described 'for obtaining mixograms 
from soft wheat flours for characterizing variety • samples ■ over the 
entire range in flour strength found- among samples grown in the 
eastern soft wheat area. 

A single-figure score obtained by , measuring the area' under ■ the 
flour mixogram for a mixing time of 7 minutes' is suggested as- a general 
expression of strength due to gluten'quality and quantity. 

In a test of 29 varieties representing a wide range in quality, 
' rmidiig according to mixogram area was consistent with what is 
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known regarding the relative quality of the varieties. High correlation 
coefficients were obtained between mixogram areas and the results of 
other quality tests, such as 20-g flour viscosity and cookie and bread 
baking. 

Since varietal quality characteristics as expressed in mixogTaiiis are 
modified greatly by environment, comparative evaluation of soft 
wheat varieties by mixograms can be made only on samples grown 
under uniform conditions. 
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SIFTED WHEAT MEAL MIXOGRAMS FOR SELECTING 
SOFT WHEAT VARIETIES 

C. A. Lamb 

Ohio Agricultural Experiment Station, Wooster, Ohio 
(Read at the Annual Meeting, May 1943; received for publication July 2S, 1943} 


Quality evaluation of soft wheat samples offers serious difficulties. 
The flour is used for diverse purposes, and specifications often range 
within narrow limits, necessitating sensitive tests. Methods have not 
been developed to the place where they can be interpreted readily in 
terms' of flour usefulness. With ..new strains, especially in' the earlier 
stages , of a' breeding ' and testing program, even greater difficulty has 
been encountered. 

Mixograms seemed to offer possibilities, if modifications of tech- 
nique could be made. For use with nursery samples, small amounts of 
grain must suffice, and labor be reduced to a minimum. Milling is 
almost out of the question. Tests on ground wheat meal appeared to 
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be tlie most hopeful ^ialloch (1938) used wheat meals in a machine 
developed by him, and obtained significant correlation (f = + 0.88) 
between the breaking points of meal, and flour doughs. More recently 
Johnson and Swanson (1942) have published a paper dealing with hard 
wheat meal niixograms. They were able to obtain satisfactory curves, 
closely similar to the flour curves in their essential characteristics. 

The p.reseiit study was undertaken to explore the possibilities of 
wheat meal mixogranis in the evaluation of soft winter wheat nursery 
material. 

Experimental 

Development of Technique. In the spring of 1940, samples of several 
varieties known to differ in quality characteristics were g.round in a 
Wiley mill, and also in a Jacobson hammer mill and sifted through a 
lOxx bolting silk. These meals were taken to the l\,lennei Milling 
Company Laboratory at Fostoria, Ohio, where mixograms were made 
using t.heir vSwanson-Working recording dough mixer or mixograph. 
Results were so promising that it was decided to investigate the possi- 
bilities further. 

A mixograph was purchased by the Ohio station, and exploratory 
experiments begun on the 1940 crop. Samples were ground in the 
Wiley mill, Jacobson hammer mill, Labconco burr ' grinder, Allis- 
Chalmers experimental mill, and Bantam mikro pulverizer, using vari- 
ous screens and adjustments. ■ The ground wheat was sifted through 
64 GG, 6xx, lOxx, and 14xx bolting silks. The mikro pulverizer was 
considered the most satisfactory grinding device when used with the 
0.03'5-inch herringbone screen. The lOxx bolting silk was selected for 
sifting. 

Sifted meal prepared in this way showed finer' particle size distri- 
bution tha-n flour from the Allis experimental mill. Some hig,h-ash 
material was removed in the coarse fractions, but using silks finer than 
6xx did not reduce ash' appreciably. Protein in the meal also dropped 
below the wheat samples, as would be expected, .and was lowest where 
the ''tiiroughs'*' were least. , 

' Tn the fall of 1940, mixograms were made using a head speed of 
60 rpra, and;a tension setting of 6. This procedure gave poor results; 
the curves were flat in outline, with indistinct maxima, in, most cases. 
Where there was much irregularity in the. first' part of the curve,' the 
true course 'wms often seriously ma,sked. '' A head speed of 90 rpm w,as 
adopted, "in 1941, with a. 'tension setting of 8, and greatly' improved 
results were obtained. 

In general, from the 1940 w^ork it was noted that, the-finer the meal, 
the more uniform and clear w^as ,:the'.course of, .the curve;, thatThe silk 
used to sift the meal was .much m^ore important than the screen 'used' i,n. 
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the micro pulverizer; that low-moisture wheat resulted in high ash and 
poorer curves; that a lOxx silk was sufficiently fine to separate the meal. 

In the fall of 1941, further exploratory tests were made. Wheat 
was tempered to various levels, and in some cases an additional 2 % 
moisture was added shortly before grinding. The object was to 
toughen the bran if possible, and reduce the ash in the sifted meal. 
The attempt was not successful. There appeared to be little advantage 
in tempering unless samples were below approximately 13% moisture. 
There was considerable drying of the samples in the mikro pulverizer 
since it is a. very high-speed hammer-type mill with considerable air 
draft. Accordingly, it was decided to temper to a moisture content of 
approximately 16% at least 24 hours before grinding. 

Violent fluctuations in the first part of the curves were most common 
on coarse meals, and it was suspected that the hydration of larger 
particles was slower and less uniform than that of the small particles. 
Drier meals also gave more trouble, taking longer to settle down to a 
smooth curve. This result suggested that it might be we!! to have the 
meals at as high a moisture as feasible before making the test. Several 
samples were spread out in a thin layer overnight in a proofing cabinet 
at high humidity. They took up considerable moisture, but there was 
no improvement in the curves. Fineness of meal appeared to be the 
answer to this problem. 

The final procedure adopted was as follows: Temper 125 g of wheat 
to approximately 16% for 24 hours; grind in a Bantam mikro pulverizer, 
using 0.035-inch herringbone screen; sift 1 minute using No. 120 wire 
screen (or lOxx silk) and save the throughs’'; determine moisture 
(5-g samples 30 minutes at 140°C); keep samples at 80°F overnight; 
weigh out enough meal to contain 30.275 g dry matter (35 g meal at 
13.5% moisture) ; add distilled water (at 80®F) to bring total weight to 
55 g and make mixogram immediately; mixograph run 6-7 minutes. 

All the work has been carried out in a constant- temperature labo- 
ratory maintained at SO'^F. Although specific experiments have not 
been carried out, it has been evident that temperature is critical, and 
must be maintained within rather narrow limits for satisfactory results. 

Agreement. , with Flour Mixogram. Concurrently Avith this work, 
Morris, Bode, and Heizer (1944) were developing a technique for use 
with soft wheat flours. They have found the test one of the. best for 
evaluating such samples. It appeared, therefore, that if sifted meal 
mixograms agree Avell with those on .flour, the value of the test could be 
estimated with considerable confidence. ' To this end, tests were made 
for .two, seasons, using the composite uniform soft wheat nursery 
samples' for' 1940, and, 1941, These included 30 vari.eties the, first year,, 
arid'' 29 the second; ' 
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Several methods of comparison were used. Figure 1 presents flour 
and meal mixograms for 10 varieties for the two seasons. Agreement 
between the two sets is striking, and was equally good for the remaining 
varieties. 

Areas were determined on flour mixograms for 7,6,5, and 4 minutes, 
and on the meal mixograms for 6, 5, and 4 minutes, employing the 
method described by Morris, Bode, and Heizer (1944). These data 
were correlated with corresponding data for 20-g flour viscosity. Re- 
sults are given in "Table I. 

TABLE I 

Correlation between 20-g Flour Viscosity and .Mixogram Arf.\ 
(Mixogram areas for several time intervals) 

(1% level for r— 1940 -F 0.463, for 1941 = -f 0.470) 



1940 (30 sampies) 

1941 (29 samples) 

7 

min 

6 

min 

5 

min 

7 i . 

min 1 min 

5 

min 

Flour 1 
yieai 

+0.860 

-fO.843 

-fO.884 

4-0.818 

4-0.858 

+0.821 1 +0.810 

1 +0.806 

+ 0.817 
+0.794 


There is no indication here that mixogram areas are not as satis- 
factory a measure of quality in meal as in flour. 

Correlations for the 7- and 6-minute flour mixogram areas with the 
6-minute meal mixogram areas were '+ 0.923 and -f 0.908 respectively 
for the 1940 samples; and + 0,927 and + 0.919 for the 1941 samples. 
These are highly satisfactory values. ■ 


TABLE II 

Minimum, Maximum, and Mean Mixogram Areas on Flour and 
Meal 1940 and 1941 



Flour mixograms 

' Meal mixograms 

7 min 

j . 6 min 

! ' ; 

i ^ . 

! 6 mm ■ 

! 

1940 

. '1941 

1940 

1941 , 

1940 

194! 


' sq cm 

■ sqcm 

sq c m 

sqcM , 

sq. cm 

sq cm 

Minimum 

./ 56.8 

57.1 

53.2 

. SI. 9 i 

47.8 

48.3 

Maximiioi 

102.6 

■ 93.8 

92.0 

, 82.3 1 

76.4 

87.1 

Mean 

82.6 

79.7 

75.1 

70.5 

65.0 

67.8 

1 


Mean, maxiiiium, and minimum mixc^am areas for flour and' for 
meal are presented in Table II. ■ Almost without exception, 'sifted meal 
mixograms gave smaller areas than flour mixograms. The range of 
area, values within a series was variable, ' but 'w-as somewhat less* for 
m^al mixograms as a rule. 




F%. i. Flopr ami mcaf mwottams frsasai waiform aurscry composites 19W aad 1941 
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Value tdik Wheat Nursery Materia!, It is ciear that sifted meal 
iiiixograms give almost the same picture as flour niixograms. In the 
opinion of tlie writer, the sifted meal niixogram gives more information 
than any other one test that has been used for iiurser\' material. . It 
lias been tried now on three crops grown at five locations with satis- 
factory .results. However, niixograms are considerably affected by 
protein content and probabh* to some extent b\' growing conditions, 
and reference varieties should be included in every test. 

Figure 2 shows niixograms from six varieties at fi,ve locations in 1941 
and 1942. The curve areas are presented in Table IIL 


TABLE III 

]\Ieal Mixogram Areas for 1941. axd .1942 Nursery Samples 


Variety 

Wooster 

! S.E. 

Test 

1 S.W. Test 

i ^ 

I Holgate 

1 Columbus 

1 1941 : 

1942 

1941 

1942 



j 

1941 

1 1942 

1941 

1942 


1 sq cm ] 

sq cm 

sq cm 

sq cm 

sq cm : 

sq cm 

sq cm i 

sq cm 

Tnimbull ' 

65.9 1 

60.3 

81.4 

62.4 

83.4 I 

79.5 

57.9 

71.0 

Thorne i 

65.4 i 

69.3 

75.6 

56.2 

71.1 

65.5 

58.7 

74.6 

Gladden 

52.9 1 

62.9 

65.6 

52.1 ; 

74.9 

64.6 

49.1 

63.1 

T.N. 1153 1 

85.8 i 

— 

1 93.9 

67.0 

96.7 

92.2 

74.2 

90.9 

T.N. 1159 i 

56.4 i 

1 67.8 

: 73.4 ^ 

59.9 1 

78.0 

65.2 

60.3 

68.6 

H.S. 269 ,| 

69.1 i 

i 

i 85.6 : 

69.7 I 

85.3 

80.8 

62.5 

82.6 

1 

Average | 

'i 

65.9 

1 -- 

1 

1 79.3 

61.2 

81.6 

74.6 

60.5 1 

■75.1 


Single niixograms only were made and error could not be estimated. 
With flour curves, Morris et a! (1944) have shown that about d sq cm 
difference was required for significance, and it was not likely less with 
sifted meal. It can be concluded that for 1941 at Wooster, the 
Southeast test farm,' and Holgate, and for 1942 at Columbus, the rank- 
ing of varieties was. essentially the same. At the Southwest farm in 
1941, agreement was not so good, and all the 1942 data, except those 
from Columbus, were somewhat erratic.- 

/Lines as strong as T.N. 1153 or H.S.. 269 can apparently be picked 
out ill any test. All quality tests had proved them to be unsatisfactory. 
-T.N. 1159, a sister selection of T.N. 1153, was acceptable, but not 
outstanding. 

- The' 1942 crop in Ohio was definitely abnormal. Leaf rust took a 
'./severe toll in some areas, and scab and other diseases were also preva- 
*imt. The-'resu-It'was loW' yields and shrivelled grain. , - Varieties were, 
mt all equally, affected, nor' were the same varieties' most seriously 
iniured at all places. ' Such a crop is obviously unsatisfactory to use 
for quality ' studies' and accounts for the results obtained,.' They are' 
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included here to show that niixograms are no niore adverse!}' affected 
than other tests. 

A study of results has shown a correlation ranging around + 0.80 
between wheat protein and sifted meal mixograni area. Protein is 
clearly a factor. It is the principal disturbing element in comparing 
results from two tests. It is sufficiently important that comparison 



Fig. 2. Meal mixograms for 1941 and 1942 nursery samples. 


between strains cannot safely be made unless strains are grown in the 
same test. On the other hand, when comparing tests, rank of varieties 
is not seriously affected by high protein at some location or in some 
season. Experience with the uniform nursery indicates that com- 
posites are satisfactory if carefully made, 

Johnson and Swanson (1942) noted that the form of mixogram is 
affected by protein content. Low-protein samples give flatter curves 
and are more difficult to interpret. The technique outlined has given 
mixograms wffiich have yielded ver}-' useful information in evaluating 
lines in nursery tests. 

Notes on the Test. . Although characteristics other than area have 
been studied, none shows as clear-cut association with baking behavior. 

TheAest does not require an excessive amount of labor. Two men 
can grind and sift 100 samples per day; one operator using two mixing 
bowls can make seven 'mixograms 'per hour. Including one ''moisture 
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determination the total labor need not exceed 30 minutes per 
sample. 

The test appears weil adapted for use by plant breeders or by mill 
or elevator operators wishing- a reasonabK’ precise estimate of the 
quality of a lot of wheat. 


Summary 

Techniques have been developed for preparing sifted wheat meal 
from soft wheats, and for making sifted wheat meal niixograms. The 
meal iimstbefineK’ ground and the temperature at which the niixograms 
are made must he carefully controlled. Wheat was tempered to 
approximateh' before grinding. Results reported include data 
from the Federal uniform soft wheat nursery composites {30 \mrieties, 
2 seasons) and from Ohio wheat breeding nurseries (25 strains, 5 
locations, 2 seasons). 

The area ' under the wheat meal mixogram curve (6 minutes), 
adopted as the quality measure, is highly correlated with flour mixogram 
area and with other quality tests, such as 20-g flour viscosity. 

The test is simple and rapid and can be satisfactorily carried out 
with 125 g of wheat. 
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FLOUR BLENDS AND THE QUESTION OF 
COMPLEMENTARY EFFECTS’ 

Karl F. Fixney and Mark A. Barmore- 

(Presented at the Annual .Meeting. May 1941; manuscript received for piibhcatsosi July 1, 1943; 

Since an important use of high-protein, good-quality hard red 
winter wheat Hour is for blending with iow-protein or poor-quality 
flours (or a combination of both) to give mixes suitable for bread 
making, a pertinent question is whether varieties of the former class are 
accurately evaluated for blending when the flour of each is baked 
separately. 

Flours of certain wheat varieties tiiat appear to be equal in bread- 
making capacity when baked alone are characterized by' considerabh' 
different dough-mixing and handling properties. For example, in this 
laboratory^ Kharkof and Tenniarq have been shown to be substantially 
equal in bread-making capacityh On the other hand, curve charac- 
teristics as determined by the mixograph suggest that Kharkof is a 
weaker flour than Tenmarq because of its relatively short developing 
time and sharp peak. These differences in physical properties suggest 
that there may be differences in ability' to carry low-protein and poor- 
quality' flours even though the baking test indicates equal protein 
quality when the flours are baked alone. In addition unpublished 
opinions and studies described in the literature indicate in many cases 
the presence of complementary' effects when flours representing different 
varieties or classes of wheat are blended in various proportions. In 
such cases, baking the component flours of a blend separately' would not 
give a reliable measure of the carrv'ing capacity of each. 

Harcourt and Purdy" (1922) used a lean formula in baking blends of 
various proportions of iXIanitoba hard and Ontario soft wheat flours. 
Their data are reproduced in Figure 1. The solid line is drawn to fit 
the experimental data, while the broken line represents the theoretical 
loaf volumes to be expected on the supposition that they are directly" 
proportional to the relative amounts of the flours included In the blend. 
The data are not in accord with this supposition since those blends 
containing less than about 40% of Manitoba flour produced smaller 
loaves than would be expected, while those with 40% or more produced' 
larger loaves than would be expected if there were no '‘complementary 
or siipplemeii tar y effects.'* ■ ■ 

The studies berein reported are a part’ of the cooperative work carried on by the .Division of Cereal 
Crops and' Diseases, B'ureaa of Fla,nt Industry. 'Soils, ap'd Agrlcultara! Engineering, Agricultural Re- 
search' Administratk(.n, U. S. ..Department, of Agricu'Iture. 'and the A.gricu.lt«.ral Experiment St.atioDa of 
the .Great PlainS' Region. .. Puhlish'ed as contribution 'number, 99 .of the DepartiU'Cnt of Milling Industry, 
'Kansas ..Agricultural'' Experiment Station. ■ 

''S.Associate Chemist and Chemist, .Hard' Wintear Wheat ’Qu.^ity Laboratory,' Bureau.' of 'Plant 
'.Ind'iistry, 'So'ils, and Agriraltural Engineering. Present address is 'Federal Soft. Wheat Laboratory.,, 
O-hio .'Agricultural Esperiment Station, WooS't€3*.,'.Ohio.' '' ' ■ 
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Chapman 11932) states tliat a 5(.KS9 blend of hi^^inproteiii hard red 
spring wheat flour from the Xortheni Great Plains and a low-protein 
hard red winter wheat flour from the Southern Great Plains^ both of the 
!931 crop, was' equal in absorption, but had a better color and produced 
bread with better volume and better texture than that from the hard 
red spring wheat alone. 

Larniour (1931) in studying the relation of protein content and 
baking" quality of hard red spring wheat by means of blends with a club 
wheat flour increased the proportion of the latter from 40 to 50% be- 



Fig. 1 . Loaf volumes for a Manitoba hard, an Ontario soft wlieat dour, and their biends (from Harcourt 

and Purdy. 

cause ‘*111 preliminary trials it was observed that some of the higher 
protein flours showed very little effect of the admixture and it was con- 
sidered advisable to increase the amount of soft flour sufiiciently to 
insure that even the very strongest flours w'-ould show a reduction of 
volume when compared with the volumes by the bromate formula.” 

Merritt and Geddes (1943) have reported results of blending ex- 
periments showing complementary effects of one flour on another. 
Thisj they believe/ is due to ‘‘the properties of the wheats or flours 
\imder' study and the baking methods employed.” • ' ' 

AH of these studies, it will be noted, indicate or imply a compie- 
mentary effect of one flour on. the. other. . The purpose of this paper is 
to present certain data bearing on this question. ' 
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Compiementary is defined according to the dictionary as “serving 
to fill out and complete, or mutually supplying each other’s lack.” In 
the field of cereal chemistr\' this term has been used in this sense to 
indicate effects different from the expected average of the components. 
Flours showing complementary effects in a blend would afield in that 
blend baking results different than the proportionate average of those 
produced by the components when baked individually. 

Materials and Methods 

In the studies reported herein, the fiour from each of five varieties 
of hard red winter wheats, Kharkof, Cheyenne, Xebred, Oro X Tenmarq 
11672, Chiefkan, and one variety of spring wheat, Thatcher, was 
blended with each of three other flours in 25-75, 50-50, and 75-25%, 
blends. The five winter varieties are known to differ greatk'' in flour 
properties and baking quality characteristics. The three flours 
blended with them included (1) a low-protein good-quality soft winter 
composite (38535) furnished by the iXlennel iSIiiling Company, Toledo, 
Ohio, (2) a medium-protein very-poor-quality hard winter (38536) 
milled from Chiefkan, and (3) a medium-protein good-quality hard 
winter (39067) milled from a composite lot of grain representing ap- 
proximately 7000 cars of wheat collected at the terminal markets under 
the supervision of the Grain Products Branch of the Food Distribution 
Administration, U. S. Department of Agriculture. The winter wheats 


TABLE I 

Protein Content, Optimum Mixing Time, and Beomate Requirement for 

Each of Nine Flours 


No.. 

Variety 

Flour 

protein 

Optimum 
mixing time 

KBrOs 

requirement 



% 

min. 

mg 

39901 

Kharkof 

15.7 

li 

5 to 6 

39906 

Cheyenne 

15.3 

4i 

3 

39907 

Nebred 

15,7 

3| 

3 ,, 

39909 

1 Oro X Tenmarq 

; 15.7 ' 

3i 

4 

39912 

Chiefkan 

15.2 

H ' 

6 

39722 

Thatcher ^ ^ | 

14.6 

i 3| 

2 to 3 

39067 I 

Commercial composite 

13.0 

i 2i- 

„ 5 

38535 ! 

Soft red winter 

8.2 

2r 

1 to 2 

38536 1 

Chiefkan 

12.2 

! a 

4 


13.5% moisture basis. 


for these studies were grown in experimental plots in the Central and 
Southern Great Plains in 1939' and were milled on a Buhler mill. The 
flour from the , spring' wheat, Thatcher, generally recognized aS' of 
excellent, quality for bread making, was milled' from' a composite 'lot of 

^ refers to accessio.n number of the-.Division 'of Cereal Crops and' Diseases. 
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four samples of grain grown in the Northern Great Plains and supplied 
by the Northwest Crop Improvement Association. The protein con- 
tent, optimmii iiiixiiig time, and bromate requirements for each of the 
nine flours are recorded in Table 1. The laboratory numbers are also 
given for idoiitification purposes later. 
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' ' Fig. *1. ' ■ . Flwi' from ooe .hard spring , .and: fiv^e ted, 'teter varieties .in ' blends 'Wltli, a gdod-Qnali'ty 
,8.2% p-otefc'S.E.W. (3S535I, a pwir'Ci'B'alitv ■12,2%- protdn H.R.W. {38S355). and a good'-titiality IS.0%> 
protein -coww«“d8l. qWN67). ' 
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Eacli original flour and blend \vas baked on each of tlirec days using 
the A.A.C.C. straight-dough baking test procedure in conjunction with 
optimum mixing time (Finney and Barmore, 1941) and a baking 
formula (Finney and Barmore, 1939 and 1941a) containing the follow- 
ing ingredients per loaf: 100 g flour, water as needed, 6 g sugar, If g 
salt, 3 g' shortening, 2 g yeast, 4 g milk solids, -} g 12(f L matt syrup, 
and 3 to 6 mg KBrOs, depending on the variety. The amount of 
KBrOs used in the blends (0 to 100%) was 3 mg for Nebred and 
Che\'enne, 4 mg for Oro X Tenmarq, Chiefkan, and Thatcher, and 
6 mg for Kharkof. The absorptions and mixing times used for the 
blends were calculated, assuming each to be directly proportional to 
the amounts of the different flours present. These calculated prop- 
erties were found to coincide with the observed experimental values, 
thus indicating the assumption to be correct. 

Discussion 

The loaf volumes for the various flour blends and for each flour 
when baked alone are shown in Figure 2. The percentage of each flour 
in the blend is given on the abscissa and loaf volume in cc on the 
ordinate. The lines indicate the expected loaf volumes on the basis of 
no complementary effects. 

In Figure 3 the experimental loaf volumes of all blends are plotted 
against the volumes calculated on the assumption of no complementary 
effects. The correlation coefficient for the 54 lots was found to 
be + 0.988, 

The data appear to provide no evidence of complementary efl’ects. 
Not only is the correlation coefficient extremely high, but also there is 
not a single case in which the difference between actual and calculated 
volumes is greater than would be expected as a result of random errors. 

The crumb grain scores and the crumb color scores of Oro 
X Tenmarq and the blends of this variety with the three blending 
flours are presented graphically in Figure 4. The results here shown 
are typical of the other varieties. It will be noted that the crumb 
grain scores given at the top of the figure suggest marked comple- 
mentary effects, since with one exception the blends have higher scores 
than either flour alone. ■ This result, however, is believed tO' be due to 
the relation , between protein content and crumb grain scores, ■ The 
maximum' score in every case for all varieties as well as for the Oro 
X; Tenmarq in Figure 4' was obtained for blends containing about 14% 
protein;, which S'Cems to represent about the optimum protein-starch 
ratio for the best grain scores. Blending with a lower-protein flour' 
appears simply to reduce' the • protein; content of the blend, to a •value 
such that the factors of high volume and high protein-starch Tatio:,do 
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not function in tlie production of more open grains aiid lower scoi'es. 
In. this sense there is a complementary effect. It would appear, there- 
fore, that if the tendency of high-protein flours to produce open grains 
and low scores is overlooked or ignored, v’^arieties represented by high- 
protein flour could be erroneously evaluated, as compared with their 
value in blends with low-protein flour. If this relation is taken into 



EXPERIMENTAL LOAF VOLUME (C.G.) 


Fig, 3. Calculated and experimental loaf volumes of all flours and their blends. 

account, however, there should be no confusion in the comparative 
evaluation of the crumb grains for different varieties. 

The crumb color data for Oro X Tenmarq alone and with the three 
blending flours shown in the lower half of Figure 4 indicate that the 
crumb color of a blend is a function of the crumb colors of the flours 
making up the blend. Here, again, the data for Oro X Tenmarq are 
typical of those for the other varieties. 

It seems probable that the excellent agreement between calculated 
and experimental loaf volumes of the blends, and the absence of com- 
plementary effects, except with respect to crumb grain, is due to the 
baking methods used in this laboratory. The features believed to be 
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important are the use of absorptions, mixing times, and bromate levels 
appropriate for each variety and blend, the use of milk solids to buffer 
any deleterious effects of overbromating, and sufficient sugar, malt, 




and yeast to insure an adequate amount and rate of gas production 
necessary for proper dough development. This procedure, it is be- 
lieved, permits a complete or nearly complete expression of the 
potentialities of each variety and appears more nearly to measure 
^'protein quality'' than any other baking method used in this labora- 
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tory. When it is used, there appears to be left but little if any room 
for complementary effects on loaf volume. As noted above, the 
tendency of high-protein flours to produce undesirable crumb grain 
must be taken into account if erroneous conclusions are to be avoided. 
This, of course, applies to blends as well as to nonblends except that in 
commercial practice high-protein blends are not likely to be encountered. 

Therefore, it is logical to conclude that hard wheat varieties having 
approximately equal protein content and equal loaf volume producing 
ability, in general, do not vary in their abilities to carry weaker flours. 
The relative strength or weakness of the various flours from the 
standpoint of either quality or quantity of protein is measured by loaf 
volume obtained by the baking test previously described. The relative 
ability of different flours to carry weaker flours is accurately indicated 
by their loaf volumes when baked alone. 


TABLE II 

Amount of Soft Red Winter Wheat Flour That Each of Several Varieties 
OF Hard Wheat Flour Will Carry and Produce a Loaf Volume of 840 cc 


V'ariety 

As received 

at 13% protein 

Protein 

Loaf vol. 

S.R.W. carried 

Loaf voL^ 

S.R.W. carried 

Nebred 

15.7 

1240 

64 

1024 

45 

Oro X Tenmarq j 

15.7 1 

1155 

60 

966 

37 

Thatcher 1 

14.6 

1123 

57 

1003 

43 

Kharkof 

15.7 

1114 ! 

53 

939 

29 

Cheyenne 

15.3 

1049 

48 

911 

24 

Chiefkan 

15.2 

840 

0 

763 

j — 


1 Calculated on the assumption of linear relationships between protein content and loaf volume and 
a change in loaf volume for each percent protein of 80 cc for Nebred, 75 cc for Thatcher, 70 cc for 
Oro X Tenmarq, 65 cc for Kharkof, 60 cc for Cheyenne, and 35 cc for Chiefkan. 

2 Chiefkan alone at 13.0% protein would be expected to produce a loaf volume of only 763 cc. 

Carrying Ability of Varieties. An interesting and instructive way 
to express the protein quality of hard wheat varieties is in terms of the 
percentage of a low-protein, or low-quality flour that can be blended 
with it and still produce a satisfactory loaf of bread. Table II shows 
the protein content of the flours, the loaf volumes secured in the baking 
tests, the loaf volumes that would be expected if each variety had the 
same protein content (13.0%), and the proportion of a soft red winter 
wheat flour that could be blended with each variety and produce a Ipaf 
with a volume of 840 cc, the latter being the loaf volume of Chiefkan, 
the poorest of the hard wheats. The soft red winter wheat flour is the 
same as that in Table I with 8.2% protein. The expected loaf volumes 
at 13-0% protein are calculated on the basis of the slopes of the re- 
gression lines previously determined in this laboratory for each variety. 

The calculations show that Nebred can carry 64% of the 8,2% 
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protein soft red winter flour; Oro X Tenmarq 60%; Thatcher 57%; 
and finally Chiefkan, which can carry none. 

On an equal protein basis of 13.0%, Nebred and Thatcher are more 
nearly equal and would be expected to carry 45% and 43%, respectively, 
of the soft red winter. Oro X Tenmarq is somewhat lower in carrying 
ability at 37%, Kharkof 29%, Cheyenne 24%, while Chiefkan could 
carry none. In fact the loaf baked from all Chiefkan flour containing 
13.0% protein would have an expected loaf volume of only 763 cc, 
which is considerably less than the desired 840 cc. 


Summary 


Flours of one hard spring and five hard winter varieties having 
widely different properties, and varying in protein content from 14.6 to 
15.7%, were blended in various proportions with three other flours 
characterized as follows; (1) a low-protein, good-quality soft red winter 
wheat flour; (2) a medium-protein, poor-quality hard red winter flour; 
(3) a medium-protein, good-quality, hard red winter flour. The indi- 
vidual flours and their blends were baked into bread’ and the results 
compared. 

The loaf volumes and bread color scores provided no evidence of 
complementary effects previously reported when flours of widely 
different properties have been blended. Both were found to be directly 
proportional to the amount of each flour in the blend. 

The grain scores likewise indicate no complementary effects pro- 
vided allowance is made for the type of grain normally found in bread 
from high-protein flours. The grain in such bread is usually uneven 
and open, but if from flour of good quality, this characteristic disap- 
pears when blended with lower-protein flours in accordance with com- 
mercial practice, and the close, lacy, elongated cell structure charac- 
teristic of good-quality bread takes its place. 

It appears that complementary effects are largely a function of the 
methods used in the baking test. In the work reported herein, the 
absorptions, mixing times, bromate levels, etc. were such that the 
potentialities of each variety were probably sufficiently expressed. 
Under such conditions there is probably less opportunity for comple- 
mentary effects than would otherwise be the case. 

It appears, therefore, that a flour*s carrying power is a function of 
protein quality and quantity, and can be measured by the loaf volume 
obtained with the rich, highly bromated, milk-containing formula. 
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THE INHIBITORY EFFECT OF A PROTAMINE' FROM WHEAT 
FLOUR ON THE- FERMENTATION OF WHEAT MASHES ' 

A. K. Balls and T. H. Harris 

Enzyme Research Laboratory, Bureau of .Agricultural and 
Industrial Chemistry, Washington, D. C. 

(Received for publication October 26, 1943) 

Experiments already described by Stuart and Harris (1942) have 
demonstrated that a protamine^ derived from wheat flour not only 
prevents in very small concentrations the multiplication of S. cereuisiae, 
but in greater concentrations kills this yeast. More recent experience 
has shown that the protein also inhibits alcoholic fermentation; t.e. 
that the yeast cells affected by it no longer ferment sugar well, if 
indeed at all. Although this protein exists in wheat only in combina- 
tion with other substances, among them’ lipoids, it was a matter of 
some wonder that its presence did not always interfere seriously with 
the yields of alcohol produced by yeast fermentation- There is reason 
to believe that in some cases low yields of alcohol have been en- 
countered because of this substance. But there is also abundant 
evidence that such is not alwa\^s the case; in fact it is the exception 
rather than the rule. 

The following study shows that inhibition of wheat fermentation by 
this toxic protein is a distinct likelihood, particularly when “granular 
flour ” rather than whole wheat is used. However, some of the present 
methods of mashing and fermentation (perhaps accidentally) eliminate 
this danger. This report is therefore meant to show something of 
the underlying mechanism involved in the destruction of the toxic 

1 Enzyme Research Laboratory Contribution No. 84. This work done in part under Special 
Research Funds, SRF-2'-9. 

2 The name purothionin has been proposed for this substance because of its very high content of 
sulfur by Balls, Hale, and Harris (1942a). 
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protein during ordinary fermentations, whereby its inhibitor}' effect is 
largely prevented. The experiments have been made with crystalline, 
purothionin hydrochloride, entirely on a laboratorj' scale, because only 
laborator}^ quantities of the pure material were available. The 
principles appear to be applicable to materials in any quantity. 

Purothionin has been isolated as a crystalline protamine hydro- 
chloride from wheat flour (Balls, Hale, and Harris, 1942). It is 
remarkable for its high content of cystine and arginine, its power to 
function as an oxidation-reduction system, its basicity, and its tend- 
ency to undergo an apparent “alkaline” denaturation even at slightly 
acid pH levels. The toxicity of this substance appears to be due to 
the arrangement of the amino acids in the molecule and not to the 
presence of a constituent part toxic in itself. It follows that any 
method of breaking down the molecular arrangement destroys the 
toxicity. This has been previously demonstrated on small animals 
injected with purothionin exposed to the action of crystalline trypsin, 
chymotrypsin, chymopapain, and crude papain. 

In the preparation and fermentation of %vheat mashes two steps 
occur that have been found to destroy the molecular structure on 
which the toxicity depends: heating, and proteolysis b}^ enzymes in 
the malt and possibly in the yeast. Toxicity also has been destroyed 
by increasing the yeast inoculum and by decreasing the acidity of 
the fermentation to a pH over 5. These schemes are probably just 
ways of increasing proteolysis, by liberating proteinase from dead 
yeast cells, or by producing a pH more favorable to the action of the 
malt enzymes. It may be concluded that the toxic protein in wheat 
may be removed by cooking the mash thoroughly or by the use of an 
actively proteolytic malt. 

Procedure 

Cooking: One hundred ml of water was added to 25 g of meal or 
flour in a 300-ml Erlenmeyer flask and cooked at various temperatures. 
For cooking at 80° a constant temperature bath was used and at 100° 
an Arnold oven was used. The cooking time was 1 hour, unless other- 
wise specified. Pressure cooking was done in a laboratory autoclave 
at 15 lb pressure per square inch. 

Mashing: After cooling the cooked mash to 55°, 100 ml of malt 
slurry (2.5 g of ground malt soaked 1 hour at room temperature with 
100 ml water) was added and the mixture kept at 55° for 1 to If hours. 

Fermentation: The mash was cooled to 32° and inoculated with 
distillers’ yeast. The yeast cells were grown in wort broth for two 
or three days until the cell count was between 30 and 50 million cells 
per ml. A quantity of broth containing the desired number of cells 
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was centrifuged and the cells were washed into the mash with about 
2 ml of water. 

Alcohol Determdnation: The alcohol was determined as usual by 
distilling off about one-half of the mash, diluting the distillate to a 
definite volume and determining the specific gravity at 25'^. 

Progress of the fermentation was followed by determining the loss 
in weight owing to evolution of CO 2 . The flasks were provided with 
CaCb tubes to prevent loss of water or alcohol in the course of the 
fermentation. The results were not corrected for CO 2 remaining dis- 
solved in the mash nor for that which replaced air above the surface 
of the liquid. They are therefore approximate. 

Results 

The inhibitory effect of the wheat protamine on alcoholic fermenta- 
tion was found to depend on pH, the size of the yeast inoculum, and 
whether or not the inhibitory substance had previously been exposed 
to proteolytic enzymes. These effects were shown by experiments in 
which crystalline purothionin hydrochloride was added to sterilized 
(10° Bal.) malt wort. In such wort with an initial pH of 5.28 and an 
initial yeast count of 28 X 10® cells per *m], the concentration of 
purothionin critical for inhibiting fermentation (showm by gas forma- 
tion within 48 hours at 32°) w^as between 30 Mg und 40 Mg P^r ml. 
With 50 Mg per ml and the same yeast inoculum, gas formation wms 
nil or slow at pH levels below about 4.7, but normal thereabove. At 
its normal pH of 5.28, the wort fermented vigorously when inoculated 
with only 2,8 X 10® yeast cells per ml, without any purothionin, but 
the presence of 50 Mg per mi of the protamine prevented any fermenta- 
tion with 10, 20, 30, or 40 times this quantity of yeast. However, 
vigorous fermentation occurred in the presence of the same amount of 
purothionin when 280 X 10® cells per ml (100 times the first inoculum) 
was used. 

Pretreatment of wort containing 1 mg purothionin per ml (or about 
30 times the critical concentration) with an equal weight of crystalline 
trypsin for about 3 hours at 35° (pH 5.0) permitted a vigorous fer- 
mentation after an inoculum of 26 X 10® cells per mb The trypsin 
itself was not inhibitory. 

Similar prevention of the inhibitory effect of purothionin was ob- 
served when it was added to miniature mashes of whole corn meal 
that had been malted. ‘ The concentration of inhibitor used was high 
(2 mg per ml of ‘'fermenter-’ liquid), but it appeared to be completely 
destroyed by the malt proteinase. 
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further experiments were then confined to miniature mashes of 
wheat, to which no additions of purothionin were made. These 
behaved as though the wheat contained the same inhibitory substance, 
capable of destruction by proteolysis. Thus whole wheat meal 
(wherein the bran contained considerable proteinase) fermented very 
well, even wheii^cooked at only 80^ On the other hand, mashes of 
granular flour (an 85% extraction) fermented very poorl^^ unless 
heavily inoculated with yeast or else thoroughly cooked under pressure. 
An experiment is shown with whole wheat in Table I and with granular 
flour in Table 11. 


TABLE I 

Fermentation of Whole Wheat Meal (Kansas Hard) after 
Cooking at Various Temperatures 


Cooked for 1 hr at ° C 

1 Loss of CO 2 after • 

Alcohol yield 
after 49 hr 
(ml/100 g wheat) 

6.S hr 

23 hr 

49 hr 


S 

g 

g 


80 

0.2 

5,5 

6.0 

31.6 

80 

0.1 

5.6 

6.1 

31.6 

100 

0.2 

5.3 

5.7 

30.6 

100 

0.1 

I 5.6 

6,1 

32.6 

Autoclaved 

0.3 

5.4 • 

6.0 

32.2 

Autoclaved 

i 

0.2 

5.5 

5.7 

31.0 


Yeast inoculum was 34 X IQo cells per rnl. 


TABLE II 

Fermentation of Granular Flour (Minn. Hard Wheat) 


Cooked for 

Yeast 

Fermentation 

Alcohol yield 

1 hr at ® C 

inoculum 

(time in houns) 

(ml/100 g wheat) 


Experiment I 


1. 80 

26X10® 

75 

2.9 

2. 100 

26X10® 

75 

30.0 

3. Autoclaved 

26X10® 

75 

38.3 


Experiment IP 


L SO 

37X10® 

42 

23.0 

2. 100 

37X10« 

42 

39.0 

3. Autoclaved 

37X10' 

42 

37.0 


Experiment III 


1.80 

4.6X10® 

43 

6.1 ■ 

2. 80 

9.2X10® 

‘ 43 

' 9,2' ' 

3. 80 

13.8X10® 

43 

■9.2 ■ 

4. 80 

18.4X10® 

43 

' 44.7 

5. 80 

37.0X10® 

42 

23.0 


4 Experiment II was a duplicate of Experiment 1 but a more actively growing yeaat was used. 
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The existence of the inhibitor in wheat was most ciearh' demon- 
strated by adding dextrose and yeast, but no malt, to uncooked 
granular flour. The presence of the uncooked flour prevented the 
fermentation of the dextrose. If the flour was cooked at 80"^, fermenta- 
tion was poor. Cooking the flour at lOO'^ permitted about half the 
dextrose to be fermented (46 hours), while autoclaving the flour allowed 
practically complete fermentation (Table III). However, when un- 
cooked flour was first treated with crystalline trypsin and then mixed 
with yeast and dextrose under conditions comparable to the former 
experiment, fermentation of the sugar was rapid (Table IV). 

TABLE III 

Fermentation of Granular Wheat Flour (Md. Soft Wheat) 

TO WHICH Dextrose ^ but no Malt was Added 


Loss of CO 2 after 


Cooked for 1 hr at ° C 

22 hr 

28 hr 

46 hr 


s 

S . 

g 

Not cooked 

0.6 

0.8 

0.8 

80 

0.9 

1.2 

1.4 

100 

3.0 

3.1 

4.1 

Autoclaved 

6.4 

7.7 

9.2 

i Twenty g of dextrose fabout 10%) was added to each flask; the yeast concentration was 34 X 10'' 

cells per ml mash. 

TABLE IV 



Fermentation of Dextrose Mixed with Unmalted, Uncooked Granular 

Flour that had 

BEEN Exposed to Crystalline Trypsin 



Loss of CO 2 after 



1.75 hr 

5 hr 

44 hr 


S 

g 

g 

1. Control 

0 

0 

0 

2. Trypsin-digest 

0.7 

3.6 

9.1 


To 25 g granular flour (soft winter wheat) 200 ml water and 200 mg wet crystalline trypsin filter 
cake (actually about 50 ing trypsin) were added. The pH was adjusted to 8.0. 20 g of dextrose was 
added and the mash kept at 37° for about 16 hours. The mash then was cooled to 32°, pH adjusted to 
5,0 and inoculated with centrifuged yeast cells to make a concentration of 34 X 10« cel!a/ml. The 
control was treated in the same way except that no trypsin was added. 


Summary 

Evidence of a fermentation inhibitor in wheat has been presented. 
In the fermentation of whole wheat meal, this substance appears to 
be either neutralized or in some manner destroyed by other substances 
that must occur in the bran. In the fermentation of granular flour, 
the toxic substance was found to be present and active. It may be 
destroyed by proteolysis or by pressure cooking; partly destroyed by 
heating to 100® for 1 hour, but it is very iittie affected by a cooking 
temperature of 80® for 1 hour. 
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BOOK REVIEW 

Physical Properties of Dough. By C. 0. Swanson. 258 pp. Burgess Publishing 

Company, Minneapolis, Minnesota. 1943. Price $2.25. 

In the foreword of this book Professor Swanson states that it has been his aim 
to express ideas in such terms that those who have not had courses in physical and 
colloid chemistry may nevertheless use the book with profit. It is evident that this 
policy has been followed in all sections of the document, and the fundamental 
equations, and certain of the precise definitions of the fundamental physical properties 
of matter either are not included in the discussion, or are considered very briefly 
and in general terms. 

The book opens with a discussion of certain colloidal phenomena represented in 
bread and dough. Then follows a consideration of starch and proteins as dough 
constituents. The author then returns to colloidal and related physicochemical 
properties, including surfaces and particles, aggregation of particles, adsorption, 
surface films, free and bound water, adhesion, and interfacial tension. Particular 
stress is laid upon the state of water in dough, and the formation and ^properties of 
dough. 

The physical states of matter are mentioned in the opening paragraphs of 
Chapter VII, followed by a discussion of viscosity, plasticity, and elasticity. In 
the last two chapters these properties reappear to some degree in the author’s treat- 
ment of his primary thesis, the physical tests of quality. Absorption or flour- water 
ratios in doughs and the use of various plastometers and penetrometers, elasticity 
of dough and the degree to which it is altered by various manipulations, the extensi- 
nieter, and recording dough mixers receive particular attention. Swanson refers 
briefly to the Hogarth, Hankoczy C‘farinograph”), and Malloch recording dough 
mixers, but gives particular attention to the action of the Hobart-Swanson mixer, 
and the application of the planetary action in the mixer to the recording dough 
mixer which he developed. Characteristics of the graphs or ^Lnixograms” plotted 
by the recording mechanism are described at some length, based upon type graphs 
depicted in Figure 15. The influence of protein content upon mixing behavior is 
stressed, and demonstrated with a collection of mixograms. Also the effects of 
various treatments and of certain dough ingredients upon mixing behavior are 
discussed. 

The author agrees that the correlation between mixogram characteristics and 
qualities of the baked loaf has not been established abundantly. He submits 
further that the greatest usefulness of the mixogram lies in the information that it 
may furnish to supplement the data resulting from baking tests. Mixing require- 
ments and mixing tolerance are listed among these supplernentary findings. He also 
proposes that when a flour type is established as possessing poor baking qualities, 
its mixogram may be taken as a pattern of such poor qualities and it may be assumed 
that other flours exhibiting similar mixing characteristics are likewise inferior in 
baking qualities. The specifications of such mixograms are not recorded with 
'.'great definiteness however. , 
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Some omissions should be noted in Professor Swanson’s treatment of physical 
properties of doughs. Thus there is no discussion of adhesiveness or “stickiness,” 
or of work hardening. The latter appears to the reviewer to be of primary signifi- 
cance in a comprehensive surv^ey of this subject. 

Legends for certain of the figures in the book are brief and incomplete and their 
usefulness could be enhanced by expanding them, notably in the instance of the 
legends w^hich accompany the mixograms. Also there are numerous typographical 
errors, but most of them are of minor consequence. 

In general, Professor Swanson has provided a useful elementary discussion of 
the subjects included under the title of this book, and particularly for those that 
are not concerned with a more fundamental approach. 

C. H. Bailey, 

University of Minnesota, 

University Farm, 

Saint Paul, Minn. 
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EFFECTS ON FLOUR DOUGHS OF EXTRACTS FROM 
UNFERMENTED AND FERMENTED WHEAT GERM 

Rosa Stern 

Wheat Research Institute, Christchurch, New Zealand 

(Received for publication July 2, 1943) 

The effects on doughs of oxidizing substances, of reducing sub- 
stances, and of proteases activated by — SH groups have for several 
years past attracted the attention of cereal chemists, and numerous 
investigations in this field have been carried out. 

Shen and Geddes (1942) gave a comprehensive review of the litera- 
ture dealing with these problems up to the second half of 1941. Their 
paper and other recent papers on the subject under discussion will be 
reviewed in the following paragraphs. 

Shen and Geddes (1942) studied the effect of length of extraction 
and time of fermentation on bromated and nonbromated doughs and 
on doughs in which yeast activity was inhibited by octyialcohoi. 
(This was added to prevent the yeast from using up the amino acids 
produced as a result of proteolysis.) They determined the amino 
nitrogen and reducing matter content of the doughs with a view to 
correlating them with the baking performance of the flours, and they 
reported that the fermentation time and/or bromate required to pro- 
duce a satisfactory dough and loaf increased as the flours contained 
more of reducing matter and protease. On the other hand, however, 
they observed that the reducing matter content of the doughs in- 
creased with longer fermentation times, while it decreased when 
bromate was added. The amino nitrogen content of the ndnferment- 
ing dough increased with length of dough time. 

Hullett (1940), investigating the effects on doughs of prefermented 
wheat germ suspensions, found that the nitroprusside reaction of a 
fermenting germ suspension becomes negative after a certain time, 
and he expressed the view that the elimination of glutathione may be 
an important part of the ordinary dough ripening process. 

Hullett and Stern (1941), working on the same subject, showed that 
the elimination of glutathione from a fermenting germ suspension is 

81 
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connected with the fermenting activity of the yeast on the one hand 
and with an enzyme mechanism present in the raw germ on the other. 
They reported that the disappearance of the nitroprusside reaction 
is not due to the oxidation of the — SH group of glutathione to the 
— S— S — form but to a more far-reaching change, and they showed 
that germ fermentation caused the nitroprusside reaction to become 
negative in the yeast as well as in the germ. 

Smith and Geddes (1942) investigated the effect of 5% and 10% 
additions of germ, untreated and pretreated, on a highly refined un- 
treated second middlings flour and on mixtures of this flour with 10%, 
15%, or 20% of added wheat starch. The germ suspensions were pre- 
treated by allowing them to stand for varying times with or without 
addition of bromate, or yeast, or yeast plus bromate. They found 
that the injurious effect of untreated w^heat germ decreased as dough 
fermentation was extended from 1.5 to 4.5 hours. Addition of potas- 
sium bromate to the dough caused marked improvements of dough 
and loaf characteristics, whereas the addition of bromate to the aque- 
ous germ suspension caused but little improvement. Aqueous germ 
suspensions, on standing, lost but little of their injurious effects, but 
the improvement was somewhat greater when comparatively large 
amounts of bromate were added to them. Prefermentation of the 
germ caused its injurious effect on dough to disappear gradually as 
the time of prefermentation increased. The maximal improvement 
was reached after 4.5 hours’ prefermentation and did not change with 
more extended prefermentation time. The presence of bromate in 
the fermenting germ suspension added to the improvement caused by 
prefermentation. Long prefermentation and/or long dough fermenta- 
tion, particularly with bromate added at the dough stage, resulted in 
overmature loaves. The amino nitrogen and reducing matter content 
of aqueous germ suspensions increased with time of standing, and 
bromate tended to counteract these increases. The amino nitrogen 
of fermenting germ suspensions Avas found to be utilized by yeast. 
The reducing rnatter content of the suspensions, particularly when 
bromate was present, increased much less than it did in nonfermenting 
suspensions. While the nitroprusside reaction of prefermented germ 
suspensions became negative, their reducing matter content reached 
a level equal to or higher than that obtaining in the initial stage when 
the nitroprusside reaction was strongly positive. From the observa- 
tion that bromate is much more effective at the dough stage than 
when added to a fermenting germ suspension, Smith and Geddes con- 
clude that it exerts a direct action on flour proteins. 

Laitinen and Sullivan (1941) applied the polarographic method to 
the study of oxidation-reduction systems in Jlour. They extracted 
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flours which had strongly responded to bromate with potassium 
chloride or with acetate buffer solution. These extracts failed to give 
an anodic wave. The same negative result was obtained when the 
flour was treated with varying amounts of papain previous to extrac- 
tion with an acetate buffer. An acetate buffer extract of wheat germ 
gave an anodic wave which was identified as that of reduced gluta- 
thione. Oxidation of glutathione in wheat germ resulted in a con- 
siderable decrease in the height of this wave. Unbuffered potassium 
chloride extracts of germ and bran yielded waves which disappeared 
on acidification, owing to a shift of the potential to more positive 
values. Extracts made from doughs (containing yeast, salt, sugar, 
flour, and water), with and without added potassium iodate, showed 
no distinctive waves. Yeast alone, extracted with acetate buffer, 
gave a small anodic wave. Flour extracts obtained by treating vari- 
ous flours with iV/lKOH and then neutralizing with excess acetic acid 
so as to make an equimolecular acetate buffer, gave an anodic wave 
with a half-wave potential of —0.15 volt (S.C.E.). The anodic waves 
reached their maximum height after 24 hours* extraction time with 
KOH. These anodic waves could be made to disappear by addition 
of enough potassium iodate to make the solution 2 X This 

shows that the anodic wave is due to a reducing substance. Further 
experiments with the various flour constituents showed that this re- 
ducing substance is released by the gluten. The authors further dis- 
cuss the cathodic waves caused by the presence of potassium iodate 
in flour extract and the polarographic performances of various acids 
and amino acids, and they suggest that the formation of a mercury 
compound may be involved in the mechanism of the anodic wave. 
A buffered extract of alkali-treated gluten gave a positive mercury 
reaction on electrolysis. 

Baker, Parker, and Mize (1942) studied the action of oxidants in 
bread doughs by measuring the flow of doughs and by investigating the 
different fractions (gluten, starch, '"amylodextrin,” washings) ob- 
tained in the gluten washing process. The authors reached the con- 
clusion that either the gluten or the water soluble part of the dough 
is responsible for the effects on dough of oxidizing agents. They found 
the response of gluten to physical treatment to be the same as that of 
dough. The property of flow could be largely removed from gluten by 
washing, which seems to indicate that this property is associated with 
water soluble constituents. The effect of papain on gluten could be re- 
versed by extensive washing. Water solubles obtained by repeated 
dispersal of gluten in the Waring Blendoi^with a 0.75% sodium chloride 
solution showed many of the properties of a proteose. A concentrated 
gluten wash solution had a softening effect on ordinary or rewashed 
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gluten but tightened up ” or left unchanged redispersed gluten. This 
was taken to show that constituents of the fraction removed by dis- 
persal are responsible for the softening effect. It was this fraction also 
which was found to respond to the addition of sodium chlorite. 

In view of the practical importance of the problems involved, and 
also for their general biochemical interest, the author thought it de- 
sirable to follow up, by quantitative methods, Hullett’s and her own 
original experiments. The object of the present investigation was to 
determine (a) the effects of the germ proteases on the nitrogen distri- 
bution in the dough and (b) the effects of the — SH groups present in 
the germ on the — S — — linkages of gluten. 

The general plan of the study was to prepare doughs with and with- 
out addition of extracts from untreated and pretreated wheat germ, 
and after allowing these doughs to ferment or to stand unfermented, 
to wash the gluten from them and determine (a) the distribution of 
nitrogen between the soluble and insoluble fractions and (b) the cystine 
content of the washed gluten. It was anticipated that any changes 
effected by the action of germ proteases or germ — SH groups would be 
indicated by the values obtained in these determinations. 

In the course of the experiments the idea emerged that dehydro- 
genases may play an important role in dough fermentation. In 
order to test this hypothesis the oxidation-reduction potential of germ 
extract was measured and a number of other tests were carried out. 

Materials and Methods 

Preparation of Doughs: Doughs were made from 25 g of a commercial 
New Zealand flour (straight run, 72% extraction) and 15 ml of dough 
liquid. No salt was added, because it was feared that it might inter- 
fere with the colloidal state of the proteins present in the dough ex- 
tracts. When the doughs were to be fermented, 0.5 g of yeast was sus- 
pended in the dough liquid. 

Dough Liquid: Each experiment consisted of a series of five doughs 
made with different dough liquids as follows: 

(1) Extract from untreated wheat germ. This extract contained 
proteases and — SH groups, the determination of which will be 
discussed later, 

(2) Heated and centrifuged extract from unfermented germ. This 
extract contained — SH groups but no enzymes. 

1(3) Extract from fermented germ. This extract contained enzymes 
T|but practically no — SH groups. 

1(4) Heated and centrifuged extract from fermented germ. This 
^extract contained no enzymes and practically no — ^SH groups. 
,'■',^(5), Tap water. ■ ■ 
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The wheat germ used in these experiments was from a New Zealand 
flour mill and was used without any further comminution. Its con- 
tent of pure germ, determined according to an unpublished method 
worked out by L. H. Bird at this Institute, was found to be approxi- 
mately 64%. 

Preparation of Wheat Germ Extracts Used as Dough Liquids: Ex- 
tracts were prepared from this wheat germ in the following way: A 
mixture of 1 part of wheat germ and 2 parts of tap water, and another 
mixture of 1 part of wheat germ and 2 parts of yeast suspension con- 
taining 0.5 part of compressed yeast were allowed to stand for 4 hours 
at 30®C. They were then made up to their original weight, mixed 
with 4 parts of tap water, and centrifuged. Each centrifugate was 
divided into two portions, one of which was weighed, heated in a boiling 
waterbath for 3 minutes, cooled, made up to the original weight, and 
centrifuged. The dry solids contents of these 4 extracts were as 
follows : 

(1) Extract from untreated germ 6.1% 

(2) Heated and centrifuged extract from untreated germ 4.7% 

(3) Extract from fermented germ 3.1% 

(4) Heated and centrifuged extract from fermented germ 2.6% 

Fifteen ml of each of these extracts was used as dough liquids with- 
out regard to the differences in their content of dry solids. 

Washing of Gluten: After the doughs containing these extracts, or 
tap water, had stood for 3 hours at 27. 8*^0 the gluten was washed from 
them by hand, 10 successive portions of 50 ml tap water being used 
for each sample. It was assumed that the total volume of combined 
washings would differ very little from 514 ml. This volume would be 
the difference between the total water, comprising {a) wash water, {h) 
flour moisture, {c) dough liquid, and the water remaining in the wet 
gluten. 

When gluten was washed from unsalted doughs containing extracts 
from unfermented wheat germ, severe disintegration occurred and 
caused the bolting silk ordinarily used in the washing process to be- 
come blocked almost immediately after washing had begun. For this 
reason the bolting cloth was discarded altogether in all of the tests. 
Instead, each successive portion of washings was carefully decanted 
to minitnize losses. The elimination of the bolting silk did, however, 
cause losses. While the duplicate determinations of mechanical loss 
agreed fairly well where water or extracts from fermented germ were 
the dough liquids, they showed much poorer agreement when the 
germ had not been fermented. 

It was to be expected that proteolytic effects taking place in the 
dough would result in an increase of soluble nitrogen or of nonprotein 
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nitrogen in the washings, or in both of these factors. To detect such 
changes, nitrogen determinations in the washings before and after 
deproteinization would have been sufficient. Since, however, it was 
found that the use of extracts from unfermented wheat germ causes 
severe gluten disintegration during the washing process, it became 
advisable to use a method which would, in addition, estimate these 
losses. This was done by determining nitrogen (1) in the flour, (2) in 
the dough liquids, (3) in the filtered washings, and (4) in the unfiltered 
gluten hydrolysates. In order to include the humin nitrogen in the 
nitrogen determination, the gluten hydrolysates were not filtered. 
They were, however, well shaken before an aliquot was removed. 
The difference: [(1) + (2)] — [(3) + (4)] gave mechanical losses. 
An attempt was made to determine nonprotein nitrogen in the wash- 
ings by the method of Ayre and Anderson (1939) but owing to poor 
duplication it was abandoned. 

Determination of — SH Groups as Reducing Matter in Germ Ex- 
tracts: Reducing matter was determined by titration with standard 
potassium iodate solution at a pH of 2-3. When germ extracts are 
acidified to such a low pH most of their protein is precipitated. After 
the precipitate has been filtered and washed with acid, both the filtrate 
and the filter residue give a strong nitroprusside reaction. The — SH 
groups responsible for the positive reaction of the washed filter residue 
seem to be of the kind which Hopkins (1925) called “fixed’’ — SH 
groups, that is, — SH groups fixed to denatured protein. In this 
paper they will be referred to as protein — ^SH groups as distinct from 
the “soluble ■ — SH groups” of the acid filtrate.^ 

Soluble — SH groups were determined by the following technique: 
To 10 ml of each of the wheat germ extracts 10 ml of 10% trichlor- 
acetic acid was added, the mixture was centrifuged, and the super- 
natant liquid decanted. The residue was washed and centrifuged 
twice with 10 ml of 3% trichloracetic acid, and the washings added to 
the original supernatant liquid. This solution, after addition of 2.5 
ml of 5% potassium iodide solution and 1 ml of soluble starch, was 
titrated with ikT/dOO potassium iodate solution. 

To determine the protein — SH groups, the washed residue in the 
centrifuge flasks was dissolved in 10 ml of urea solution (1 : 1). This 
solution, acidified with a few drops of concentrated HCl, was titrated 
with KIOs in the same way as the solution containing the soluble 
— SH groups. 

At first, the germ extracts were made completely ready for the 
doughs on the day before dough making and were kept in the refrigera- 

1 HuHett and Stern (1941) wrongly assumed that the positive nitroprusside reaction of the pre- 
cipitated germ protein was due to adsorption. 
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tor overnight, but it soon became clear that the SH content of the 
unheated extract decreased overnight, while that of the heated one 
remained unchanged. For this reason the unheated extracts which, 
for lack of time, had to be prepared the day before they were to be 
used, were kept in the refrigerator overnight but the heating and 
centrifuging were left until shortly before the particular doughs were 
made. The determination of — SH groups in each extract was made 
shortly after the corresponding dough had been mixed. Table III 
gives the results of these titrations. 

In one series of germ extracts, reducing matter was determined by 
adding an excess of Q.005N iodine solution and back-titrating with 
standard thiosulfate solution. The values differed from those re- 
sulting from titration with iodate but they had the same trend. 

Cystine Determination in Washed Gluten: Initially an attempt was 
made to determine — SH groups present in the filtered hydrolysates 
of the glutens washed from the doughs. As was to be expected, how- 
ever, this approach was unsuccessful because, according to Lugg 
(1933), under the conditions of acid hydrolysis, the bulk of the cysteine 
is destroyed by formation of humin. Later, cystine was determined 
in these glutens because cystine should decrease with either reduction 
or oxidation of gluten — S — — linkages. The technique of hydrol- 
ysis (with sulfuric acid) and colorimetry was that described by Mirsky 
and Anson (1935). The determination of extraneous reducing sub- 
stances was carried out in the same way, except that (after Lugg, 1933) 
0.5 ml of a 2.7% mercuric chloride solution was added in preparing the 
test solution for colorimetric reading. 

Measurement of Oxidation-reduction Potentials in Germ Extracts: 
The oxidation-reduction potential of wheat germ has been measured 
by Potel (1935), who found Eh to be — 169 mv. He prepared, in an 
atmosphere of pure nitrogen, the suspension of 1 part of the test 
material with 1.5 parts of phosphate buffer of pH 6.2, added 20 ml of 
toluene, and protected the mixture from air by covering it with a 
layer of vaseline oil. The measurement was made by means of a 
platinum electrode at 30^C. A stable equilibrium was reached after 
approximately 2 hours. 

The measurements reported in this paper were carried out by 
means of a Coleman platinum electrode as follows: Five ml of unheated 
germ extract was adjusted to pH 6.6 with phosphate buffer, made up 
to 25 ml and a few drops of toluene were added. A stream of pure 
nitrogen was bubbled (at a speed of roughly 5 bubbles per second) 
through the electrode vessel containing the extract. The temperature 
was 17®C. Readings became constant after about 20 hours. 

Response of Gluten to Heated and Unheated Germ Extract: Two 
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samples of gluten, each washed from the equivalent of 25 g of flour, 
were thoroughly kneaded for 5 minutes with 15 ml of germ extracts 1 
and 2 respectively. After 5 minutes the gluten samples were washed 
with five successive portions of tap water, formed into balls, and 
placed on a glass sheet resting on graph paper. In order to avoid 
drying out, each sample was covered with a tumbler. Two diameters, 
at right angles to each other, of the gluten balls were measured by 
means of the graph paper immediately after washing and at various 
intervals thereafter and the areas calculated from the mean radii. 

Detection of Dehydrogenases in Germ by the Thunberg Technique: 
One-half g of germ was mixed with 2 ml water and 0.4 ml of a 0.005% 
methylene blue solution in a Thunberg tube which was then evacuated 
and placed in a thermostat at 30°C. A second Thunberg tube con- 
taining the same quantities of wheat germ and water was Kept in a 
boiling waterbath for 15 minutes and cooled to room temperature. 
Then 0.4 ml 0.005% methylene blue was added and the tube was 
evacuated and placed in the thermostat alongside the first tube. 

Results 

The results of the nitrogen determinations given in Table I show 
that the use of the extract from untreated germ as a dough liquid in 

TABLE I 

Effect of Wheat Germ Extracts on N Distribution in 
Various Dough Fractions 


Dough liquid 



Heated, 


Heated, 



centrifuged 

Extract 

centrifuged 



extract 

from 

extract 

Water 

germ 

from 

fermented 

from 

extract 

unfermented 

germ 

fermented 



germ 


germ 



Dough 


„ ■;/ ■ 1 

1 

No 

yeast 

Yeast 

No 

yeast 

Yeast 

No 

yeast 

Yeast 

No 

yeast 

i 

Yeast: 

No 

yeast 

Yeast 

N in 25 g flour, mg 

346 

346 

346 

346 

346 

346 

346 

346 

346 

346 

N in 15 ml dough liquid, mg 

60 

60 

24 

24 

32 

32 

22 

22 

— 

— 

Total N in dough, mg 

406 

406 

370 

370 

378 

378 

368 

368 

346 

346 

Soluble N in washings, mg 

93 

106 

81 

102 ; 

83 

104 

77 

95 

58 

93 

N in gluten hydrolysate, 






1 





mg 

173 

101 

199 

102 

266 

217 

257 

201 

255 

204 

Lost N, mg 

140 

199 

90 

166 

29 

57 

34 

72 

33 

49 

Lost total % 

34.5 

49.0 

24.3 

44.9 

7.7 

15.1 

9.2 

19.5 

9.5 

14.2 

Lost gluten N* % 

44.7 

66.3 

31.1 

61.9 

9.8 

20.8 

11.7 

26.4 

11,4 

19.3 


1 Loss of gluten nitrogen expressed as percent of total nitrogen. 

2 Loss of gluten nitrogen expressed as percent of gluten nitrogen. 
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unsalted nonyeasted doughs led to a severe breakdown of the gluten; 
this is indicated by high mechanical loss in gluten \vashing. The 
loss was only slightly lessened when the extracts w^ere heated and cen- 
trifuged. However, in those doughs for w-hich winter or extracts from 
fermented germ had been used the loss of gluten w^as very much smaller; 
this held whether or not extracts had been heated and centrifuged - 
These results, therefore, show" that fermentation of germ greatly lessens 
the disruptive effect of its extract on the dough. In the yeasted 
doughs the losses were much higher throughout than in the nonyeasted 
series, but the trend was the same. 

Table I shows further that the soluble nitrogen in the wmshings 
from the yeasted blank is higher by 60% than that in the washings 
from the nonyeasted blank. Amos (1931), Freilich and Frey (1943), 
and Shen and Geddes (1942) have shown that nitrogen compounds are 
utilized by actively fermenting yeast, and for this reason concluded 
that the soluble nitrogen contained in a fermenting dough is unsuit- 
able as a measure of proteolytic activity. In the present experiments, 
notwithstanding the partial consumption of soluble nitrogen by the 
yeast, an increase of soluble nitrogen occurred. This observation 
confirmed similar ones made by other workers. 

The inclusion of wheat germ extracts in the dough, whether or not 
the germ had been fermented and/or the extracts heated, led to higher 
figures for soluble nitrogen in the washings, as compared with the 
blank. That no real increase, but in fact a decrease, takes place can 
be seen when allowance is made for the soluble nitrogen present in the 
dough liquids (Table II). 


TABLE II 

Effect of Wheat Germ Extracts on the Formation of 
Soluble Nitrogen in Doughs 


Dough liquid 


Untreated 

germ 

extract 


Heated, 

centrifuged 

Extract 

Heated, 

centrifuged 

extract 

from 

extract 

from 

fermented 

from 

unfermented 

germ 

fermented 

germ 


gerni 


Dough 


Water 



No 1 
yeast 

Y^ast 

■■■No J 

yeast 

' 

Yeast: 

■ ■ 1 

No 

yeast! 

Yeast 

No 

yeast 

Yeast' 

■No, 

,, yeast 

Yeast 

Sum of soluble N in blank 
-b dough liquid, mg i 

118 

153 

82 

117 

90 

125 

80 

115 

58 

93 

Soluble N found, mg 

93 

106 

81 

102 

83 

104 

, 7:7 ; 

95 

58; 

93 
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The values in Table II show that the incorporation of germ ex- 
tract into dough did not result in making soluble any proteins that 
were insoluble in the blank. The striking fact that there was an 
actual decrease of soluble nitrogen when extracts of untreated germ 
were used, and that a similar tendency was noticeable in the case of 
the other germ extracts, will be discussed later. That the flour and 
the germ did, however, contain proteases is shown from the following 
evidence: Determination of protease activity as described in Cereal 
Laboratory Methods (4th ed. 1941) gave increases of 12 mg amino 
nitrogen per 100 g of flour, and 42 mg per 100 g of germ after a diges- 
tion of 24 hours at 40°C. The soluble nitrogen of a nonyeasted dough 
made with tap water increased by 15 mg during a standing period of 
3 hours at 27.8°C. 

The data in Table III show that when extracts from unfermented 
germ are heated and centrifuged the bulk of the protein carrying the 


TABLE III 

Soluble and Masked — SH Groups Present' in Wheat Germ Extracts 
(Expressed in ml ikf/600 KlOa consumed by 15 ml dough liquid) 



Nature of dough liquid^ 

Untreated 

germ 

extract 

Heated, 

centrifuged 

extract 

from 

unfermented 

germ 

Extract 

from 

fermented 

germ 

Heated, 

centrifuged 

extract 

from 

fermented 

germ 

Soluble — SH groups 

2.01 

1.86 

0.12 

0.17 

Protein — SH groups 

2.30 

0.22 

0.60 

0.07 

Total 

4.31 

2.08 

0.72 

0.24 


1 The headings containing the word “centrifuged” refer to the centrifuging carried out to remove 
protein coagulated by heating. They do not refer to the centrifuging which all extracts underwent 
after addition of trichloracetic acid. 


protein — SH groups is removed, but the soluble — SH groups remain 
practically undiminished. It can further be seen from these figures 
that a 4 hours’ fermentation of germ at 27.8®C results in the disap- 
pearance of the bulk of the soluble — SH groups and in a considerable 
decrease of the protein — SH groups in the extracts. When extracts 
from fermented germ are heated and centrifuged, the protein — SH 
groups are removed* Thus, fermentation, heating, and centrifuging 
results in a far-reaching decrease of both soluble and protein — SH 
groups. 

The removal by heating and centrifuging of the bulk of the protein 
—SH groups from an extract of unfermented germ did not appreciably 
decrease its injurious effect on dough, although its total content of 
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reducing matter had dropped to approximately • half of its original 
value. This indicates that only the soluble — SH groups cause dough 
deterioration. Table IV, combined from Tables I and III, shows the 

TABLE IV 

Relation between Soluble ~SH Groups in Dough Liquids and 
Losses of Gluten in the Washing Process 



correlation between soluble — SH groups in the dough liquid and gluten 
disintegration in terms of loss in washing. 


TABLE V 

Effect of Wheat Germ Extracts on Cystine Content of Gluten 



Dough liquid 

Untreated 

germ 

extract 

Heated, 

centrifuged 

extract 

from 

unfermented 

germ 

1 

Extract 
i from 

[ fermented 
germ 

Heated. 

centrifuged 

extract 

from 

fermented 

germ 

I Water 

Dough 

No 

yeast 

Yeast 

No 

yeast 

Yeastj 

No 

yeast 

! 

Yeast 

No 

yeast 

Yeast' 

No 
yeast 1 

Yeast 

Cystine in recovered 
gluten, mg 

Cystine in total gluten, mg 

30.8 

55.7 

'i 

13.0 

38.6 

33.6 

48.8 

'i 

14.4 

37.8 

48.5 1 
53.8 : 

30.2 

38.1 

47.3 

53.6 

29.2 

39.7 

46.1 

52.0 

29.7 

36.8 


The data in Table V show that fermentation, but not addition of 
germ extract, causes a significant decrease in the cystine content of 
gluten. 

The values in the second line of Table V were computed on the 
assumption that the cystine content of the coherent part of the gluten 
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is the same as that of the disintegrated fraction. If this is true, the 
cystine determined in the hydrolysate of the coherent fraction should 
bear the same relation to the cystine, present but not determined, in 
the disintegrated part as the nitrogen contents of these two gluten 
fractions bear to each other. The total cystine content of gluten would 

thus be : f — • Where the figures calculated on this basis 

100 — % lost gluten 

differ significantly from those referring to the nonyeasted blank, either 
a change in the cystine content of the gluten or of cystine distribution 
(between coherent and disintegrated fractions) must have taken place 
as a consequence of the particular treatment. 

The results of the experiments, which related to the effects of de- 
hydrogenases, were as follows: 

The oxidation-reduction potential of untreated wheat germ extract 
was found to be —115 to —130 mv; that of fermented wheat germ 
extract —150 to —160 mv. 

Wheat germ, tested by the Thunberg technique, was found to 
contain dehydrogenases; the unheated germ suspension decolorized 
methylene blue in 5 minutes at 30°C whereas a similar suspension which 
had been previously heated in a boiling waterbath for IS minutes did 
not decolorize methylene blue. 

When gluten was treated with the germ extracts 1 and 2, the 
rates of flow as reflected by the relative areas of the gluten surfaces 
in contact with graph paper were as follows: 


Areas 

Immedi- 

ately 

after 

washing 

After 

1 hr 

After I 

2 hr 

After 

3 hr 

After 

5 hr 

After 

6 hr 

Extract 1 
(untreated) 

64 : 

82 

95 

113 

118 

133 

Extract 2 

(heated, centrifuged) 

78 

118 

148 

165 

177 

177 


Discussion 

The doughs used in the experimental part of this investigation are 
not comparable to ordinary bread doughs, mainly because they do not 
contain salt. Therefore the following views, which were suggested by 
the experimental results, will have to be checked by evidence obtained 
with ordinary bread doughs. 

The determination of the nitrogen distribution in doughs revealed 
the interesting fact that neither the addition of proteases nor of —SH 
groups resulted in an increase of soluble nitrogen but that, on the 
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contrary, there was a decrease of soluble nitrogen. This latter fact 
can only be explained by the assumption that the gluten incorporated 
some of the protein from the dough liquids. Something of the same 
nature seems to take place in the well-known case where an increased 
yield of gluten is obtained by washing gluten from a mixture of wheat 
and rye flour. 

Shen and Geddes (1942) give a survey of the evidence used by 
various workers in support of Jorgensen’s hypothesis (activation of 
flour proteases by — SH groups) and of the hypothesis that — SH 
groups exert a direct action on gluten. It may be of interest to in- 
vestigate how the results reported in this paper and some of the earlier 
evidence fit in with either of these hypotheses. 

If Jorgensen’s view is correct, the injurious effect of unheated germ 
extract could be explained as a consequence of adding — ^SH groups 
and germ proteases to the dough. The injurious effect of heated germ 
extract may also be attributed to — SH groups acting on the flour 
proteases, but one would expect that the inactivation of the germ pro- 
tease in the dough liquid would result in lessening the damage to some 
extent. Actually, the damage (expressed in terms of loss in washing 
and increase of soluble nitrogen) caused by the heated germ extract 
was less severe than that due to unheated germ extract. Also, the 
good characteristics of dough made with germ extracts (heated or 
unheated) from fermented germ may be explained by the absence of 
— SH groups. This experiment, however, cannot be regarded as 
convincing evidence in favor of Jorgensen’s hypothesis, for the reason 
that it supports the direct-action hypothesis equally well. 

This latter hypothesis does not deny that proteases are present in 
flour and that they belong to the papain type which is activated by 
— ^SH groups but it claims that — ^SH groups also have a direct effect 
on gluten ; e.g, when gluten is treated with cysteine. On the basis of 
this hypothesis, the effects on doughs of the wheat germ extracts 
described in the experimental part may be explained as follows: 

, Unheated extract from untreated germ has a proteolytic plus a direct 
effect; after heating it has a direct effect only. In extracts from fer- 
mented germ the protease is inactivated as no — ^SH groups are 
present; similarly after heating, the protease is destroyed and no — -SH 
groups are present. Thus, this experiment, while giving information 
on changes in gluten structure, is not helpful in judging the validity 
of either of the two hypotheses. 

One of the main objections to JjzJrgensen’s hypothesis is the fact 
that prolonged fermentation of doughs injured by —SH compounds 
leads to a very considerable improvement of dough and loaf charac- 
teristics. Such an improvement with time is not compatible with the 
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idea that the initial damage is caused by proteases. As Hullett (1940) 
„was the first to suggest, the elimination of — SH groups from a fer- 
menting dough may be an important part of the ordinary dough- 
ripening process. The work of Smith and Geddes (1942) also makes 
it appear probable that the improving effect of long fermentation is 
due to the destruction of — ^SH groups. While this gradual disap- 
pearance of ■ — SH groups may cause a gradual inactivation of pro- 
teases, it is quite unlikely to reverse chemical changes brought about 
by proteolysis in the earlier stages of fermentation. 

If, on the other hand, one tries to interpret the observations on the 
basis of the direct-action hypothesis, one arrives at the conclusion 
that this direct action must be of such a nature that, by the oxidation 
of the — ^SH groups, it allows gluten structure to be restored to a 
normal condition. Otherwise the improvement of dough character- 
istics with length of fermentation could hardly be explained. 

The abnormal response of gluten to treatment with unheated and 
heated germ extracts shows that a heat-labile factor has a tightening 
effect on gluten, whether damaged by — SH groups or not. Ob- 
viously, heating the germ extract destroys some factor which favorably 
affects gluten structure or lessens the damage due to — SH groups. 
Sullivan, Near, and Foley ( 1936 ) found that wheat germ stored in 
closed containers at relatively high moisture content loses its injurious 
effect. Hullett and Stern ( 1941 ) and Smith and Geddes ( 1942 ) 
showed that fermentation causes a much more rapid elimination of 
these damaging properties, and the first-named authors found that an 
enzyme contained in the germ was essential in this process. Both 
storage and fermentation of wheat germ are accompanied by the 
disappearance of the nitroprusside reaction, and in both cases it was 
found impossible to restore the nitroprusside reaction by means of 
reducing agents. 

On the basis of these findings the author assumed that the enzyme 
responsible for the elimination from germ of the — SH groups is a 
dehydrogenase and that the oxidation of the — SH groups proceeds 
beyond the — S — S — stage. The observation that cyanide does not 
inhibit the destruction of — SH groups by fermentation (Hullett and 
Stern, 1941) fits in with the assumption that a dehydrogenase is 
effective in this process. 

Dehydrogenases are present in many seeds, as Thunberg has 
found. The present study indicates that they are present in wheat 
germ in considerable amount. Since every flour contains some germ, 
the amount varying with the length of extraction, it seems reasonable 
to expect that mechanisms analogous to those playing a part during 
storage and fermentation may be active in flour and dough. Fer- 
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mentation speeds up the otherwise slow action of the dehydrogenases. 
Nothing is known so far about the ' mechanism of this acceleration 
except that the glutathione present in the yeast cell enters into it, 
as was found by Hullett and Stern (1941). 

By oxidizing — SH compounds, the dehydrogenases would bring 
about the aging of green flour and the maturing of dough. The grad- 
ual elimination of — SH groups by dehydrogenases would explain the 
improving effect of prolonged fermentation of low-grade flours. In 
the gluten experiment the presence of dehydrogenase in the unheated 
extract would tend partly to offset the damage caused by — SH 
groups and proteases.'^ 

Sullivan et al (1940) suggested that dough fermentation, reducing 
and oxidizing agents, and physical manipulation may bring about 
changes in the sulfur linkages of the gluten proteins. The results 
repOiL c- ' above showed that, under the conditions applied, fermentation 
produced a signiflcant decrease of cystine in the gluten, whereas the 
presence of wheat germ extracts rich in — SH groups failed to produce 
a significant change in the cystine content of the gluten. 

As has been discussed above, it is difficult to explain the improving 
effect of prolonged fermentation on dough made from low-grade 
flours unless one assumes the direct action of — SH groups to be of such 
a nature that it allows gluten structure to be restored to normal 
condition. The cystine determinations reported in this paper indicate 
that the addition of — SH compounds had no significant effect on the 
— S— S — linkages of the gluten. This shows that the — S-— S — link- 
ages were not involved in whatever reaction may have taken place 
owing to the direct action of — SH groups. The fact that dough fer- 
mentation leads to a considerable decrease of cystine- in gluten con- 
firms the views of those investigators who maintain that yeast is not 
only a leavening agent but produces fundamental biochemical changes 
in the dough. 

Summary 

Wheat germ extracts contain soluble — SH groups and — SH 
groups attached to protein. 

The distribution of soluble and protein — ^SH groups in heated and 
unheated extracts from unfermented and fermented wheat germ is 
reported. 

The soluble — SH groups were found to cause the injurious effect 
of wheat germ extract on dough. 

Fermentation of wheat germ decreases its content of soluble and 
protein — SH groups. 

^ This experiment also suggests that the dehydrogenase must have e.xerted a considerable effect 
within the 5-mimit,e contact of the gluten with the germ extracts. 
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Extracts from unfermented wheat germ, when added to unsalted 
dough, cause severe gluten disintegration on washing. 

Dough fermentation increases the gluten disintegration in the 
blank doughs as well as in those containing germ extracts. 

There is no increase, but an actual . decrease, of soluble nitrogen 
in doughs containing extracts from unfermented germ. 

Dough fermentation leads to a decrease of cystine in the gluten, 
but — SH groups did not significantly affect the cystine content of the 
gluten. 

Aging of flour and maturing of dough is assumed to be connected 
with the oxidation of the — ^SH groups of germ particles contained in 
the flour. 

The oxidation of — SH groups in stored flour and fermenting dough 
is attributed to dehydrogenases, and the presence of dehydrogenases 
in wheat germ is demonstrated. 

Reasons are given for the assumption that the injurious effect of 
— SH groups is direct but of such a nature that it will allow the gluten 
to be restored to normal, that is, to the condition obtaining in fer- 
mented loaves made from high grade flours. 
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THE ACTION OF OXIDIZING AGENTS ON 
SULFHYDRYL COMPOUNDS IN DOUGH 

J. C. Baker, H. K. Parker, and M. D. Mize 

Wallace and Tiernan Laboratories, Newark, New Jersey 
(Read at the Annual Meeting, May 1943; received for publication August 16, 1943) 

This paper reports further studies on the effects of oxidizing agents 
on refined flour and dough. The work has been guided by our previous 
researches (Baker, Parker, and Mize, 1942; Baker, Mize, and Parker, 
1943), in which it was found that oxidizing agents cause changes in 
puncture strength of gluten and in properties of soluble pentosan and 
soluble protein. While, admittedly, effects of oxidizing agents upon 
starch, other carbohydrates, and lipoids should be studied further, it 
seemed that continued studies of the proteins were more promising, 
especially since it had been found that glutathione lowered the resist- 
ance of gluten to puncture and influenced the viscosity of water soluble 
pentosans. Also, as many workers have shown (Balls and Hale, 1936; 
Jj 2 irgensen, 1936; Sullivan, Howe, and Schmalz, 1936, 1937; Ford and 
Maiden, 1938; Freilich and Frey, 1939; Ziegler, 1940, 1940a; Hullett 
and Stern, 1941; and others), glutathione profoundly affects dough and 
its bread making properties. \ 

Sullivan, Howe, and Schmalz (1936) isolated glutathione from 
wheat germ but reported that patent flours contained no glutathione as 
indicated by the nitroprusside test. Hence, it could be assumed that 
there were no other available sulfhydryl compounds present in patent 
flour. Balls and Hale (1936) have shown that a positive nitroprusside 
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test can be obtained from petroleum ether extracts of patent flour and 
have suggested that sulfhydryl groups' may be present in flour protein. 
They have also isolated a water soluble sulfur-containing polypeptide 
from the petroleum ether extract. These observations, together with 
the fact that sulfhydr^d compounds are easily oxidized, suggest that the 
baking properties of flours may be influenced by their sulfhydryl con- 
tent, particularly in regard to their behavior toward oxidizing agents. 

Greenstein (1938) and Anson (1941) have published methods for the 
determination of -SH groups in proteins. Greenstein (1938) showed 
that sulfhydryl groups, which cannot be detected in certain native 
proteins (such as egg albumin, edestin, excelsiii, and globins), are 
present in these proteins after denaturation with guanidine hydrochlo- 
ride and urea, or their derivatives. He titrated the -SH groups with 
porphyrindin as the oxidizing agent employing sodium nitroprusside 
as the end point indicator. Anson used either sodium tetrathionate 
or potassium ferricyanide in place of porphyrindin. The end point is 
the least amount of ferricyanide or tetrathionate which will prevent the 
formation of the pink color, thus indicating the amount required to 
oxidize the sulfhydryl groups. 

In the present study, the sulfhydryl contents of aqueous extracts 
and glutens, prepared from highly refined flours of varying strength, 
were determined. The effect of oxidizing agents on the -SH content 
of these flour and dough fractions was investigated. The puncture 
strength of the glutens was also determined to ascertain whether any 
relation exists between gluten strength and -SH content. 

Experimental 

Determination of sulfhydryl groups. Preliminary studies showed 
that the use of guanidine hydrochloride as a solvent in determining the 
sulfhydryl content of flours and doughs was unsatisfactory. The 
starch present gave a highly viscous solution which made mixing of the 
reagents dififtcult and also interfered with the color reaction so that the 
end point could not be determined. A modified Anson (1941) method, 
however, was found to be satisfactory when applied to concentrated ex- 
tracts of flour or dough (flour- water ratio, 1 : 2) prepared as described 
by Baker, Mize, and Parker (1943). It also gave very good results 
with aqueous dispersions of gluten. To disperse the glutens for 
sulfhydryl determinations it was necessary to use less salt than 
formerly described; the doughs were mixed with 0.75% NaCl solution 
and the glutens washed therefrom with 0.15% NaCI solution. The 
glutens thus prepared from refined flours could be dispersed in distilled 
water with the Waring Blendor to a stable milklike emulsion of 2.0% 
protein content, which made accurate sampling possible. 
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The method of determining -SH groups, as used in this study, is 
outlined below. 

Reagents: 1. Buffer — equal parts l.Oif disodium phosphate, and l.Oif mono- 
sodium phosphate. 

2. Potassium cyanide solution, 0.1 iV. 

3. Guanidine hydrochloride — highest purity. 

4. Sodium nitroprusside solution, 5%. This is best prepared from 
ground sodium nitroprusside. It should be freshly made each day 
and stored at 0° C away from direct sunlight. 

5. Concentrated ammonium hydroxide, 27%. 

6. Potassium ferricyanide; standard solution series (0.000025ilf to 
O.OOOSikr, in increments of 0.0001 JV/). 

Procedure: The titration of the -SH groups is carried out by means of a series of 
test tubes in each of which is placed 0.5 ml of flour extract or gluten suspension, 
0.1 ml of buffer solution, 0.05 ml of 0.1 iV potassium cyanide, and 0.5 ml of standard 
potassium ferricyanide solutions of varying strengths. Ne.xt, 1.2 g of guanidine 
hydrochloride (Eastman) is added; the tubes are shaken lightly to dissolve the guani- 
dine hydrochloride, and then immersed in a water bath at 37° C for 3 minutes, followed 
by cooling in an ice bath. When cool, 0.05 ml of nitroprusside reagent is added, 
shaken, and followed by 0.05 ml of 27% NH4OH. By selection of the proper pipette 
tip 0.05 ml can be delivered with one drop. The contents of the tubes are now mixed 
and the end point is taken as the concentration of ferricyanide where the pink color 
just fails to develop. From the quantity of ferricyanide required, as checked against 
glutathione standards, the -SH, or glutathione, content of the flour extract can be 
calculated. 

Since the -SH values are in .the lower range of Anson's scale, great 
accuracy cannot be expected. Although the method is fairly accurate 
and reproducible when applied to soluble extracts or dispersed glutens 
from refined flours, lower grade flour extracts or gluten suspensions 
appear to have materials present which interfere with the end point, 
causing rapid fading and off-shades of color. A further limitation of 
the method was found in studying fermented doughs and glutens pre- 
pared therefrom ; yeast or its by-products interferes somewhat with the 
duplication of results. Anson prescribes very dilute cyanide to remove 
interfering effects of heavy metals. We have used this precaution in 
our determinations. The small amount of cyanide used does not in- 
crease the readings, indicating that there is no splitting of S-S groups. 
Anson recommends the use of reagents of highest purity for sharpest 
end points. 

A ction of oxidizing agents in flour.. The sulfhydryl contents of water 
extracts, hand-washed glutens, and purified glutens from a series of 
commercial . flours of widely varying strength are given in Table I, 
together with the puncture strength of the glutens. The nitrogen con- 
tents of the fractions were determined and the -SH values are expressed 
on a unit protein basis. ^ 

The -SH content per unit of protein in the water extract of the 
different flours is variable. The glutathione content of the solubles 

^ This method of expressing our results is not intended to imply that the -SH so recorded is thus 
part of the protein compound. 
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TABLE I 

StJLFHYDRYL CONTENT OF WATER EXTRACTS AND GlUTENS FROM 

Various Wheat Flours 


Description 

of 

flour 

Ash 

1 

Protein 

Soluble 

pro- 

tein 

-SH per gram 
protein 

Grams to 
puncture gluten 

Water 

ex- 

tract 

Hand- 

washed 

gluten 

Puri- 

fied 

gluten 

Gluten 

washed 

in 

0.15% 

NaCl 

Gluten 

purified 

in 

0.15% 

NaCl 


% 

% 

% 

mg 

mg 

mg 

g 

g 

Montana 

0.51 

14.2 

1.9 

1.22 

0.22 

0.13 

10,0 

19,7 

Nebraska 

0.40 

11.9 

1.7 

0.88 

0.20 

0.09 

8.5 

16.7 

Durum 

0.61 

12.0 

1.7 

1.14 

0.19 

0.12 

4.8 

10.1 

No. Spring 

0.39 

12.9 

1.6 

0.83 

1 0.17 

0.10 

10.5 

24.9 

Soft AVinter 

0,31 

8.2 

1.3 

0.73 

0.12 

0,10 

10.7 

19.5 

Kansas 

0.39 

12.2 

1.7 

0.89 

0.17 

0.10 

6.6 

14.2 

Pacific Pat. 

0.41 

10.5 

1.5 

0.87 

0.15 

0.12 

6.1 

14.6 

Pacific Clear 

0.73 

' 12.2 

2.5 

1.31 

— 

— 

4.9 

11.6 

Idaho 

0.41 

; 11.2 

2.0 

1.01 

0.12 

0.05 

7.2 

14.5 


doubtless depends upon the amount of germ milled into the flour. 
There may be other -SH bearing compounds present, such as poly- 
peptides, which are intermediate between glutathione and protein. 
The relative amounts of such compounds could account for the varying 
sulfhydryl content per unit protein of these soluble extracts. 

The hand-washed glutens show a considerable variation in sulfhydryl 
content. In purified gluten, since dispersion washing by the method 
previously described by us has further removed soluble sulfhydryl com- 
pounds there appears to be -SH which cannot be removed by washing. 
There is no relation between the glutens and their sulfhydryl contents 
or the sulfhydryl content of the water extract. 

Table 11 shows the effect of relatively large treatments of the 
Montana flour listed in Table I with nitrogen trichloride and chlorine 
on the sulfhydryl content and puncture strength of the glutens. These 
oxidizing agents lowered the sulfhydryl of the soluble extract about 
20%, and of the purified gluten over 30%. If one assumes that 
glutathione is the compound in the soluble extract which has been 
oxidized, the decrease in -SH is equivalent to 36 ppm of glutathione. 
More than this amount is actually oxidized in the flour because 
none of the soluble -SH which is retained by the starch or gluten 
is accounted for by this calculation. The difference in -SH content 
of the hand-washed glutens from untreated and heavily nitrogen- 
trichloride-treated flour is equivalent to 56 ppm of glutathione. This 
value, together with the calculated equivalent glutathione in the water 
extract, totals about 92 ppm glutathione and is sufficient to account 
for most of the changes observed in flour treated by flour oxidants. 
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TABLE II 

Effect of Flour Oxidation on Sulfhydryl Content of 
Water Extract and Gluten 


Treatment 

-SH per gram protein 

Grams to puncture 
gluten 

Water 

extract 

Hand- 

washed 

gluten 

Purified 

gluten 

Gluten 
washed 
in 0.15% 
NaCl 

Gluten 
purified 
in 0,15% 
NaCl 


mg 

mg 

mg 

s 

S 

MONTANA FLOUR 

Untreated 

1,22 

0.22 

0.13 

10.0 

19.7 

Nitrogen trichloride, 6 g/bbl 

0.95 

0.16 

0.09 

9.8 

20.0 

Chlorine, 2 oz/bbl 

0.98 

0.17 

0.09 

9.0 

21.9 

IDAHO FLOUR— NATURAL AGE 

Stored 6 mo refrigerator 

1.01 



0.05 

7.2 

14.5 

Stored 6 mo room temp 

0.84 

0.12 

0.04 

6.5 

14.9 


Experimentally, we have found that 50 ppm of glutathione will cause 
a dough from an optimum nitrogen-trichloride- treated flour to revert 
to the green” characteristics of its untreated control, while 100 ppm 
of glutathione will usually produce a ** green” dough when added to 
an over-treated flour. 

The hand-washed gluten from an untreated flour, upon purification 
by dispersing four times in a Waring Blendor, has its reactive -SH 
lowered from 0.22 to 0.13 mg/g of gluten; in treated flours it has been 
lowered to 0.09 mg. The residual -SH is not free glutathione since 
glutathione added to gluten or to flour can be removed by thorough 
dispersion washing. The reaction of flour oxidants upon the sulfhydryl 
of purified glutens might account for the alteration of the gluten prop- 
erties. However, the puncture values of such glutens, as shown in the 
last column, are not altered appreciably by the treatment. 

In Table 11 the naturally aged flours show changes in -SH similar 
to those produced by nitrogen trichloride and chlorine. 

There are doubtless other effects of oxidizing gases on the flour than 
those indicated by these -SH analyses. The petroleum-ether-soluble 
-SH-containing compound reported by Balls and Hale (1940) was found 
by them in sufficient amount to account for the above changes in -SH 
in flour bleaching. 

Extraction of flour with volatile fat solvents lowered the sulfhydryl 
content of the flour fractions to approximately the same extent as is 
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shown by the gas-treated flours in Table IL However, treatment of 
such extracted flours with dough oxidants shows a further lowering of 
the -SH content of both water extract and gluten, indicating that there 
are reactive sulfur compounds in flour other than those which are 
removed by fat solvents. 

Action of oxygen on doughs, A study of the action of molecular 
oxygen is shown in Table III. The Montana flour referred to in 

TABLE III 

Effect of Mixing Doughs in Oxygen and Carbon Dioxide on Sulfhydryl 
Content of Water Extract and Gluten 
(Montana Wheat Flour) 


Duration 
of mix 

Gas 

-SH per gram protein 

Grams to puncture gluten 

Water 

extract 

Hand- 

washed 

gluten 

Purified 

gluten 

Gluten 
washed in 
0.15% NaCl 

Gluten 
purified in 
0.15% NaCl 

min 


mg 

mg 

mg 

g 

g 

8 

CO2 

1,22 

0.22 

0.13 

10.0 

19.7 

8 

O2 

1.07 

0.21 

0.09 

11.9 

23.1 

16 

O2 

0.91 

0.14 

0.09 

12.4 

22.5 

24 

O2 

0.84 

0.13 

0.09 

12.4 

23.3 

40 

O2 

0.84 

0.15 

0.09 

10.0 

17.5 

40 

CO2 

1.12 

0.22 

0.13 

10.8 

20.5 


Table II was mixed in the presence of pure oxygen for periods of time 
varying from 8 to 40 minutes in a covered McDuffy mixing bowl. 
Similar mixings in carbon dioxide for an 8- and a 40-niinute period 
indicate that the mixing itself had substantially no effect upon the 
sulfhydryl of the water extract or of the glutens. Oxygens, however, 
progressively lowered the -SH content of the water extract as the mixing 
was continued up to 24 minutes. Further mixing produced no change, 
indicating that the -SH in the water-soluble portion of the dough is 
susceptible to attack to a limited degree. The first 8 minutes of mixing 
in oxygen decreased the -SH content of the gluten, after which no 
further decrease occurred. 

The puncture values reached a maximum after 8 minutes of mixing 
in oxygen, and remained substantially constant up to and through 24 
minutes of mixing, but mixing for 40 minutes materially lowered the 
strength of the gluten. The sulfhydryl figures, however, do not sug- 
gest this change. Doubtless, the lowering of the protein strength is 
due to some action other than on the -SH groups. These data again 
indicate that there is an oxidizable form of sulfur in gluten which is not 
readily removed by washing. 

Action of sodium chlorite in doughs, A further study of the effect of 
dough oxidants is shown in Table IV. Dough was mixed for 8 minutes 



Mar.. 1944 J. C. BAKER, H. K. PARKER, AND M. D. MIZE 


103 


TABLE IV 

Effect of Dough Oxidation with Sodium Chlorite on Sulfhydryl Content 
OF Water Extract and Gluten 
(Doughs Prepared from Kansas Flour) 


Sodium 

chlorite 

-SH per gram protein ^ 

G rams to puncture gluten 

Water 

extract 

Hand-washed 

gluten 

Purified 

gluten 

Gluten washed 
in 0.15% Nad 

Gluten purified 
in 0.15% NaC! 

ppm 

mg 

mg 

mg 

g 

g 

0 

0.89 

0.17 

0.10 

6.6 

14.2 

2.5 

0.84 

0.13 

0.09 

5.7 

17.5 

5.0 

0.79 

0.14 

0.09 

7.4 

18.2 

10.0 

0.79 

0.16 

0.09 

8.2 

15.7 

20.0 

0.79 

0.14 

0.09 

6.1 

14.1 

40.0 

0.73 

0.17 ! 

0.09 

2.8 

9.9 

80.0 

0.61 

0.18 j 

0.09 

1.8 

7.0 


in the presence of sodium chiorite in amounts up to 80 ppm. Our 
supply of the Montana flour being exhausted, these experiments were 
performed on a Kansas flour. This flour contained less water soluble 
-SH than the Montana flour and also less -SH in the hand-washed 
and purified gluten. Sodium chlorite, the oxidant used in this ex- 
periment, decreased sulfhydryl content of the water extract less than 
did the oxygen or the gas treatments with the Montana flour used in 
the previous two experiments. This Kansas flour apparently has a 
lower proportion of oxidizable sulfur in the water extract than the 
Montana flour. A powerful oxidizing agent, such as sodium chlorite, 
would be expected to produce a greater effect than molecular oxygen or 
flour oxidants. 

As in the previous experiment, an -SH level in the water extract is 
reached which is decreased by further oxidation with difficulty. Over 
the range of treatments from 5 ppm to 20 ppm no change occurred and 
the puncture strength of the glutens maintained a fairly high figure. 
Heavier treatments with sodium chlorite slightly lowered the -SH 
content of the water extract, and at the same time lowered the puncture 
strength of the gluten. It is difficult to associate puncture strength of 
gluten with the constituents of the water extract unless the strength of 
the former is determined by adsorbed materials. However, the 
thoroughly washed, purified glutens from this flour suggest no such 
change in the adsorbed materials. Neither is there much effect of the 
chlorite upon the sulfhydryl of the glutens. With this flour, nearly all 
the sulfhydryl sulfur could be washed from the gluten, resulting in 
constant values for the purified gluten throughout the whole range of 
the treatments. This value is only slightly lower than the -SH in the 
untreated purified gluten. The purified glutens of these two flours 



104 


OXIDIZING AGENTS IN DOUGH 


VoL 21 


(Montana and Kansas) indicate a difference in the amount of -SH 
adsorbed in the gluten and in the ease with which the -SH may be re- 
moved by washing. After oxidation and thorough washing, the 
amount of residual -SH in the glutens from the two flours reaches almost 
the same value over the total range of the respective treatments, 
indicating that the amount of nonoxidizable -SH in the purified 
glutens in these widely different flours is approximately the same. 
Other flours may have glutens which retain less -SH as shown by the 
naturally aged Idaho flour in Table IL 

The baking properties of these doughs appear to be associated more 
definitely with the strength of the gluten than with their sulfhydryl 
content. Gluten puncture strength was increased by the use of 
sodium chlorite up to 5 ppm and then steadily decreased with increasing 
dosages. These changes in protein strength closely parallel the 
changes in the baking properties of straight doughs given this range of 
treatment. Other methods of baking, such as sponge doughs and no- 
dough-time doughs, need the higher levels of sodium chlorite where 
some weakening of the gluten has occurred. Further research is 
needed to determine the chemical reactions responsible for the changes 
in the physical properties of the gluten which result from treatment 
with oxidizing agents. 

As previously mentioned, difficulty was encountered in obtaining 
satisfactory results on fermented doughs. Disintegrated yeast which 
does not separate from the supernatants upon centrifuging, and yeast 
which remains in the gluten throughout the washing process, ap- 
parently causes this difficulty. In spite of these difficulties, it has been 
found that during fermentation bromate alters the sulfhydryl content 
of the water extract and the puncture strength of the gluten in a manner 
similar to the medium chlorite treatments shown in Table IV. Fer- 
mentation alone, as used in bread making, lowers the sulfhydryl content 
of the water extract to a small degree. Shen and Geddes (1942) found 
that the total reducing matter content of extracts prepared from 
nonfermentingdoughsincreased morewith time than that of fermenting 
doughs; bromate had a marked depressing effect which was more 
pronounced thelonger the fermentation. 

Hullett and Stern (1941) report that extended fermentation will 
completely remove glutathione from germ. The slight decrease in -SH 
content of water extracts prepared from fermented doughs made from 
refined flours indicates that there is little glutathione in these flours. 
Hence, the change in -SH by oxidation must be due to the action of 
the oxidizing agents upon -SH bearing material other than glutathione. 
This is in agreement with the work of Sullivan, Howe, and Schmalz 
(1936), in which they were unable to separate glutathione from flour. 
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Discussion 

The nitroprusside test for indicating sulfhydryl groups is not suffi» 
ciently sensitive to indicate clearly their presence in the native flour 
fractions, as separated by our procedures, m,, the water solubles, the 
crude gluten, and the purified gluten. Active sulfhydryl groups must 
be present in these fractions since flour and dough oxidants decrease the 
amounts of sulfhydryl found when determined after denaturing with 
guanidine hydrochloride. We have found these commercially used 
oxidizing compounds capable of lowering the amount of -SH found 
when determined in the guanidine hydrochloride solution of the three 
fractions of all flours. These reactions indicate that the -SH is reactive 
in the native flour when contacted by certain flour bleaching agents or 
dough improvers or by molecular oxygen acting in either flour or dough. 
This activity of -SH groups has also been shown by Anson (1941). 
He found upon treating solutions of native proteins with iodine in 
potassium iodide that complete oxidation of the active -SH groups was 
obtained, as determined after denaturing. 

The purified glutens from all but two of the flours studied contain 
approximately the same amount of -SH. The method of determining 
-SH is not sufficiently accurate at these low levels nor have enough 
flours been studied to draw any conclusions from this apparent uni- 
formity of composition. Nevertheless, the two exceptions shown 
above appear sufficient to void any conclusion, for if purified glutens 
were constant in their sulfhydryl composition there would be no 
exceptions. 

It appears most likely that the active -SH groups in purified gluten 
are in adsorbed compounds and so strongly held that the extensive 
washing processes which we have used do not entirely remove them. 
Differences in the amount of such adsorbed compounds would lead 
to the variation found in the composition of the purified gluten. 

Summary 

Sulfhydryl content of concentrated aqueous extracts and gluten dis- 
persions prepared from highly refined flours may be determined by a 
modified Anson method. With refined flours of widely varying 
strength, the -SH values per gram protein ranged from 0.73 to 1.22 mg 
for aqueous extracts; from 0.12 to 0.22 mg for hand-washed glutens; and 
from 0,05 to 0.13 mg for purified glutens. No consistent relationship 
was found between the -SH content of the three flour fractions of 
various flours or between their -SH content and gluten strength. A 
large fraction of the -SH in the glutens could not be removed by 
repeated washings. Since added glutathione may be readily washed 
out, a considerable proportion of the sulfhydryl groups of flour is 
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apparently present in more complex cysteine combinations. These 
sulfhydryl compounds do not appear to be an integral part of the 
molecular structure of the gluten proteins, since the -SH content of the 
purified glutens varied widely. The sulfhydryl bearing compounds 
probably are of many compositions and include glutathione, the fat 
soluble sulfur bearing compound of Balls and Hale, and doubtless 
other compounds of more complex structure which are more strongly 
adsorbed by the flour proteins. 

Treatment of flour with chlorine and nitrogen trichloride, mixing 
doughs in oxygen or with sodium chlorite, fermenting doughs with or 
without bromate, and natural aging of flour lowered the -SH content of 
water extracts and glutens prepared therefrom. The total decrease in 
-SH which resulted from the flour treatments was equivalent to ap- 
proximately 100 ppm glutathione, a quantity which is sufficient to 
produce marked effects in breadmaking. Changes in gluten strength 
did not parallel the reductions in -SH content due to oxidation. 

The reasons for the effects of -SH compounds upon the baking 
properties of flour are not shown by these studies. Such effects may be 
due to some properties similar to the peptizing action of cysteine but of 
a much milder nature. 
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- THE EFFECT OF LEVEL OF SOIL FERTILITY ON 
WHEAT QUALITY' 

W. W. WORZELLA 2 
Purdue University, Lafayette, Indiana 
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Plant food is being mined from all soils where crops are grown. 
The fertility of the soil, especially in the humid region, is rapidly de- 
clining. Wheat plants and wheat seedlings grown in this region are 
showing nitrogen and phosphorus deficiency symptoms, and some 
wheat fields even indicate potash starvation. It is essential, therefore, 
to investigate the influence of the level of soil fertility on the quality of 
the wheat crop. 

Several reports have been published on the influence of various 
fertilizers and soil treatments on wheat composition, but few data are 
available on the effect of different levels of soil fertility on quality in 
wheat. 

Working with soft winter wheats, Bayfield (1936) reported that the 
protein content in wheat tends to increase with increasing heaviness of 
texture and also with increasing fertility of the soil upon which the 
wheat is grown. Fisher and Jones (1931) showed that, in general, the 
fertilized plots produced wheat of better baking quality than the un- 
fertilized plots. However, the order of the quality of the various plots 
was different every year. Results reported by Sullivan el al (1938) 
indicated that the plots which had not received any fertilizer produced 
wheat with shrunken grains and high protein content. When com- 
plete fertilizer was used in addition to the lime, the wheat had a lower 
protein content, higher kernel weight, higher test weight, and lower 
vitreousness than when lime alone was used. 

The present study reports the quality of five varieties of wheat 

1 Journal paper No. 120, Purdue University Agricultural Experiment Station, Lafayette, Indiana. 

'2 Associate in Agronomy. ■ 
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when grown on soils in which different levels of soil fertility were es- 
tablished by the addition of mineral fertilizers. The tests were con- 
ducted on Plainfield fine sand, Crosby silt loam, and Alford silt loam 
soils during the 5-3^ear period 1937 to 1941. 

Materials and Methods 

Five varieties of wheat that varied in inherent quality were sel^et^ 
and grown at all locations. These were, in order of ascending gluten 
strength, American Banner, Purdue No. 1, Trumbull, Michigan Amber, 
and Michikof. The three soil t^^pes — Plainfield fine sand, Crosby silt 
loam, and Alford silt loam — are on Purdue University experimental 
farms located near Culver, Lafayette, and Wheatland, Indiana, respec- 
tively. On each soil type, three levels of fertility were established by 
the addition of mineral fertilizers as follows: Low level, none; medium 
level, 250 lb of 2-12-6 (percentage of N, P2O5, K 2 O) in the fall and 100 
Ib of sodium nitrate in the spring; high level, 500 lb of 2-12-6 and 200 
lb of sodium nitrate. On the Plainfield fine sand a 3-12-12 analysis 
fertilizer replaced the 2-12-6. 

Each level of fertility was replicated three times and each variety 
was replicated 15 times on each fertility level, making a totakof 225 
samples at each location each year. Quality analyses were made on 
3150 samples obtained in this experiment. A recent publication by 
Worzella (1943), reporting the yield results, gives further detail as to 
randomization, plot size, field plan, etc., of this experiment. 

Gluten strength was determined by the wheat-meal fermentation- 
time test as described by Cutler and Worzella (1936). Granulation 
(the particle-size index of wheat meal) was determined according to 
the method developed by Worzella and Cutler (1939, 1943). The 
method reported by Binnington and Geddes (1939), with some minor 
modifications, was used for determining the carotiiioid content of 
wheat. A iO-g sample of finely ground wheat meal was placed in a 
4-oz bottle containing 50 ml of water-saturated butanol and allowed'fo 
stand for 16 hours with occasional shaking. Clarification was .effected 
by filtration through No. 1 Whatman paper. The yellow pigment 
content of the extract was determined in a 2-cm cell, using a KWSZ 
photometer. Pure beta-carotene was used to prepare a series of known 
standards. By means of a conversion table, the percentage transmit- 
tancy readings were expressed as parts of carotene per million parts of 
wheat meal. Crude protein and ash determinations were made accord- 
ing to the methods outlined m Cereal Laboratory Methods (4th ed. 
1941), and are reported on a 13,5% moisture basis. The test weights 
of the small samples of wheat were determined by the method devel- 
oped by Aamodt and Torrie (1934). 
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Except for carotinoid pigment content, protein, and ash, analyses 
were made on each of the 3150 wheat samples obtained in this experi- 
ment; for these particular components of quality, 630 composite sam- 
ples were employed. Analysis of variance was used to aid in the 
interpretation of the data. 

Experimental Results 

The 5 years during vrhich these data were obtained were quite 
favorable for wheat growing. Winter injury did not occur to any 
appreciable degree in any year under consideration. Lodging was not 
a factor in influencing the results even on the high levels of fertility. 
No data were obtained on the Crosby silt loam soil in 1937 because of a 
severe stem rust epidemic in the Lafayette area. Except during the 
dry weather in April 1938 and May 1939 on the Plainfield fine sand 
(Culver), moisture was adequate throughout the wheat growing season 
each year at all locations. All varieties of wheat grown on the higher 
levels of soil productivity ripened from 1 to 2 days earlier than those 
on the low fertility plots. 

The experimental data on yield, gluten strength, granulation, 
carotinoid pigment, crude protein, test weight, kernel size, and ash are 
presented in the order named. Since the experimental farms are lo- 
cated some 200 miles apart, factors such as climate, soil type, adapta- 
tion, etc., interfere in making a direct comparison between locations. 
Consequently, the data for the three locations have been summarized 
and analyzed separately. 

Yield, Yield may be regarded as the ultimate expression of all 
environmental conditions and inherent factors that have integrated 
throughout the life of the plant. Grain yield results, therefore, aid in 
the interpretation of quality studies. The yield data, involving the 
samples used in this study, have been reported in a recent publication 
by Worzella (1943). It was shown in the above report that, on the 
basis of 4- or S-year averages, the yields in bushels per acre for low, 
medium, and high levels of soil fertility were as follows: 14.2, 22.2, and 
25.0 for the Sand Field; 19.7, 30.4, and 35.2 for the Knox County 
Experimental Farm; and 27.8, 35.0, and 40.7 for the Soils and Crops 
Farm, respectively. The yield data indicate, therefore, that the wheat 
samples used in these quality studies were grown on widely different 
soil product! /ity levels. 

Gluten Strength. The data for fermentation time and analyses of 
variance of the five varieties of wheat grown on the three levels of soil 
fertility at the three locations during the 5-year period 1937--41 are 
reported in Table L 
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TABLE I 

Fermentation Time for Gluten Strength and Analyses of Variance of 
Five Varieties of Wheat Grown on Three Levels of Soil Fertility 
at Three Locations During the 5- year Period, 1937-41 


Levels of 
soil 

fertility 


Purdue I 


Fermentation time in minutes 


Trumbull 


American 

Banner 


Michigan 

Amber 


Michikof 


Mean 


SAND FIELD (CULVER) 


Low 

38.1 

41.6 

25.1 

48.7 

185.1 

67.7 

Medium 

43.7 

44.1 

27.1 

54.6 

200.3 

74.0 

High 

48.8 

45.3 

29.6 

SS.l 

193.7 

74.5 

Mean 

43.5 

43.7 

27.3 

S3.0 

193.1 

72.1 


KNOX COUNTY EXPERIMENTAL FARM (WHEATLAND) 


Low 

33.5 

36.3 

22.4 

44.8 

158.5 

59.1 

Medium 

35.7 

38,0 

23.6 

50.4 

176.0 

64.8 

High 

37.8 

40.6 

25.8 

56.2 

185.2 

69.1 

Mean 

35.7 

38.2 

23.9 

50.5 

173.2 

64.3 


soils and crops farm (LAFAYETTE) 

1 


Low 

33.4 

34.1 

22.3 

43.2 

150.5 

56.7 

Medium 

35.0 

35.0 

23.0 

45.0 

154,4 

58.5 

High 

36.2 

37.3 

24.8 

47.8 1 

170.0 

63.2 

Mean 

34.9 

35.5 

23.4 

1 

45.3 

158.2 

59.4 


Analysis of Variance 


Item 

Degrees 

of 

freedom 

Mean square 

Sand 

Field 

Knox County 
Expt, Farm 

Soils and 
Crops Farm 1 

Season 

4 

1,1831 


l,062t 

6451 


Varieties 

4 

69,9021 


S6,921t 

37,3001 


Fertility levels 

2 

3571 


631t 

2241 


Varieties X levels 

8 

46 


127t 

59- 


Seasons X varieties 

16 

3731 

608t 

6871 


Seasons X levels 

8 

19 


19*^ 

22 


Seasons X levels X varieties 

32 

24 


8 

' 41 



^ Includes the 4 years, 1938-41 . 

Exceeds the 5% level of significance, 
t Exceeds the 1% level of significance. 


An examination of the fermentation-time test data sliows that at 
any one iocation the gluten strength, as measured by the fdrmentation- 
time test, increased as the level of soil fertility increased, “- This rela- 
tionship exists in the weaker quality soft wheats as well as the stronger 
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gluten variety Michikof. These differences are very consistent and 
therefore highly significant. Although higher fertility of the soil 
definitely increases gluten strength, the greatest variation is the in- 
herent difference between varieties. The results of the analysis indi- 
cate, also, that great differences exist between seasons, and that varie- 
ties respond differently in different seasons. 

Granulation. Granulation tests were conducted on the wheat sam- 
ples to determine the influence of soil fertility on the ease of “breaking 
up^’ or disintegration of the wheat kernel by grinding — an important 
milling characteristic. The data, expressed in percentage and desig- 
nated as particle-size index, together with analyses of variance, are 
given in Table IL 

The data indicate that on the Sand Field plots fertility had little, 
if any, influence on granulation of wheat meal. However, at the Knox 
County Experimental Farm and the Soils and Crops Farm, wheat 
samples grown on the more productive levels milled into coarser meal 
than those produced on the lower fertility plots. These differences, 
although significant, are small in magnitude. It is concluded, there- 
fore, that granulation is a highly stable varietal characteristic, and is 
influenced only slightly by wide variations in soil productivity. The 
greatest spread in granulation is the result of variety. Purdue I, a soft 
wheat, shows a particle index of about 20%, whereas the hard wheat, 
Michikof, possesses an index of about 11%. The highly significant 
seasons X varieties and seasons X levels interactions indicate that 
varieties and levels responded differently in different seasons. 

Carotinoid Pigment Content. The amount of carotinoid pigment 
in wheat is usually reflected by color, an important characteristic of 
white flour. Table III reports the amount of carotinoid pigment of 
wheat when grown under conditions of low, medium, and high soil 
fertility. 

The values for total carotinoid content in wheat shown in Table III 
are lower than those usually reported in the literature. There is dis- 
agreement among investigators as to the material best suited for the 
preparation of standards in the calibration of photoelectric instruments. 
In this study, pure beta-carotene, which is not completely soluble in 
water saturated butanol, was used. 

It will be noted from the data that the carotinoid content of wheat 
decreased as the level of fertility increased. These differences are 
highly significant, and the data are consistent at each of the three 
locations. The analysis of variance indicates that the varieties reacted 
uniformly in respect to carotinoid content on all levels of soil fertility. 
Seasons X varieties and seasons X levels interactions are highly 
significant. 



1.12 


EFFECT OF SOIL FERTILITY ON WHEAT QUALITY Vol. 21 


TABLE II 

Particle-size Index of Wheat Meal and Analyses of Variance of Five 
Varieties of Wheat Grown on Three Levels of Soil Fertility at 
Three Locations During the 5-year Period, 1937-41 


Levels of 
soil 

fertility 

Particle-size index in percent 

Mean 

I 

, Purdue I i 

I 

1 

Trumbull 

American 

Banner 

Michigan 

Amber 

Michikof 



SAND FIELD (cULVER) 



Lov7 

22.2. 

19.8 

18.9 

18.2 

11.2 

18.1 

Medium 

21.7 

18.9 

18.6 

18.4 

11.2 

17.8 

High 

22.8 

18.5 

18.4 

18.2 

11.3 

17.8 

Mean 

i 

22.2 

19.1 

18.7 

18.3 

11.2 

17.9 


KNOX COUNTY EXPERIMENTAL FARM (WHEATLAND) 


Low 

19.2 

19.5 1 

18.3 

17.3 

10.9 

, 17.0 

Medium 

18.7 

19.0 

17.7 

16.6 

10.8 

16.6 

High 

18.6 

19.2 

17.4 

16.5 

11.3 

16.6 

Mean 

18.8 

19.2 

17.8 

16.8 

11.0 

16.7 


SOILS AND CROPS FARM (lAFAYETTE) 

1 


Low 

19.8 

18.3 

18.2 

17.9 

11.6 

17.2 

Medium 

19.8 

17.6 

18.0 

17.2 

11.6 

16.8 

High 

19.0 

17.0 

17.2 

16.4 

11.2 

16.2 

Mean 

19.5 

17.7 

17.8 

17.2 

11.4 

16.7 


Analysis of Variance 


Item 

Degrees 1 
of 1 

freedom 

Mean square 

Sand 

Field 

Knox County 
Expt. Farm 

Soils and 
Crops Farm * 

Seasons 

4 

. 135.48* 

48.74* 

38.24* 

Varieties 

4 

245.54* 

167.18* 

113.75* 

Fertility levels 

2 

0.64 

1.67* 

5.06* 

Varieties X levels 

8 

0.85 

0.36* 

0.25 

Seasons X varieties 

16 

5.61* 

1.99* 

1 .54* 

Seasons X levels 

8 

8.47* 

1.14* 

3.87* 

Seasons X levels X varieties 

32 

0.65 

0.09 

0.20 


^ Includes the 4 years, 193S-41. 
Exceeds the.i% level of signiacance. 


Crude ^Protein. The protnei content of wheat and analyses of 
variance 'data for the fertility le\g\l experiments are given in Table IV. 
Wheat produced on soil of the higrnest fertility level at each of the three 
locations shows? the highest percentjage of protein. Plots receiving no 
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fertilizer produced wheat somewhat higher in protein content than 
those receiving only a moderate amount of plant food. 

Although the five varieties used in this study are known to vary 
widely in their milling and baking characteristics, their range in aver- 
age protein content is less than 1%. The average protein content of 

TABLE in 

Carotinoid Pigment Content of Wheat Meal and Analyses of Variance of 
Five Varieties of Wheat Grown on Three Levels of Soil Fertility 
at Three Locations During the 5-year Period, 1937-41 


Levels of 
soil 

fertility 

Yellow pigments (expressed as carotene) in parts per miliion 

Mean 

Purdue I 

Trumbull 

American 

Banner 

Michigan 

Amber 

Michikof 



SAND 

FIELD (culver) 



Low 

1.82 

1.92 

1.79 

1.58 

1.93 

1.81 

Medium 

1.69 

1.72 

1.67 

1.46 

1.81 

1.67 

High 

1.64 

1.70 

1.61 

1.42 

1.72 

1.62 

Mean 

1.72 

1.78 

1.69 

1.48 

1.82 

1.70 


KNOX county experimental farm (WHEATLAND) 


Low 

1.84 

2.07 

2.03 

1.70 

2.10 

1.95 

Medium 

1.67 

1.84 

1.86 

1.47 

1.94 

1.76 

High 

1.65 

1.79 

1.78 

1.46 

1.87 , 

1.71 

Mean 

1.72 

1.90 

1.89 

1.54 

1.97 

1.80 


SOILS AND CROPS FARM (lAFAYETTE) 

1 


Low 

1.99 

2.11 

2.01 

1.84 

2.24 

2.04 

Medium 

1.83 

1.91 

1.93 

1.65 

2.10 

1.88 

High 

1.81 

1.90 

1.89 

1.62 

2.07 

1.86 

Mean 

1.88 

1.97 

1.94 

1.70 

2.14 

1.93 


Analysis of Variance 


Item 

Degrees 

of 

freedom 

Sand 

Field 

Mean square 

Knox County 
Expt. Farm 

Soils and 
Crops Farm ^ 

Season 

4 

0.7853* 

2.5514* 

0.3414* 

Varieties 

4 

0.2534* 

0.4469* 

0.2966* 

Fertility levels 

2 

0.2378* 

0.3937* 

0.1906* 

Varieties X levels 

8 

0.0023 

0.0030 

0.0026 

Seasons X varieties 

16 

0.0074* 

0.0134* 

0.0149* 

Seasons X levels 

8 

0.0138* 

0.0247* 

0.0354* 

Seasons X levels X varieties 

32 

0.0012 

0.0025 

0.0032 


1 Includes the 4 years, 1938-41. 

Exceeds the 1% level of significance. . 
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TABLE IV 

Protein Content of Wheat and Analyses of Variance of Five Varieties 
OF Wheat Grown on Three Levels of Soil Fertility at Three 
Locations During the S-year Period, 1937-41 


Levels of 
soil 

fertility 

Protein content in percent 

Mean 

! 

Purdue I 

Trumbull 

American 

Banner 

Michigan 

Amber 

Michikof 



SAND 

FIELD (culver) 



Low 

10.02 

11.55 

10.39 

10.89 

. 11.11 

10.79 

Medium 

10.20 i 

11.08 

10.17 

10.66 

10.97 

10.61 

High 

11.23 1 

12.45 

11.11 

11.77 

12.22 

11.76 

Mean 

00 

2 

11.69 

10.56 

11.11 1 

11.43 

11.05 


KNOX county experimental farm (WHEATLAND) 


Low 

10.14 ’ 

10.96 

10.22 

10.56 

10.98 

10.57 

Medium 

9.74 

10.62 

9.98 

10.26 

10,52 

10.22 

High 

10.42 

11.28 

10.10 

10.78 

11.24 

10.76 

Mean 

10.10 

10.95 

10.10 1 

10.53 

10.91 

10.52 


SOILS AND CROPS FARM (LAFAYETTE) 

1 


Low 

8.27 

9.31 

8.68 

8.78 

8.97 

8.80 

Medium 

8.21 i 

9.26 

8.58 

8.72 

8.99 

8.75 

High 

8.78 1 

9.76 

9.03 

9.30 

9.41 

9.26 

Mean 

8.42 

9.44 

8.76 

8.93 

9.12 

8.94 


Analysis of Variance 


Item 

Degrees 

of 

freedom 

Mean square 

I 

Sand 

Field 

Knox County 
Expt. Farm 

Soils and 
Crops Farm ‘ 

Season 

4 

23.56* 

12.56* 

1.39* 

■ .Varieties 

4 

4.22* 

2.61* 

1.77* 

Fertility levels i 

2 

9.39* 

1.88* 

1.54* 

Varieties X levels 1 

8 

0.10 

0.08 

0.01 

Seasons X varieties 

16 

0.21* 

0.20* 

0.12* 

' Seasons X levels 

8 

2.86* 

0.40* 

0.06* 

Seasons X levels X varieties 

32 

0,06 

0.04 

0.01 


i Includes the 4 years, 1938-41. 

* Excc'eds the 1% level of , significance. 


the varieties studied does not reflect their known gluten strength. 
American Banner, a white wheat, is known to possess the weakest 
quality, yet its protein content is higher than that of Purdue No. 1. 
Trumbull, a typical soft wheat, also shows a higher percentage of 
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protein, on all levels of soil fertility and at all locations, than Michikof, 
a hard wheat. These data indicate that protein content is of little, 
if any, value in appraising the gluten quality of wheats grown in the 
soft winter wheat area. The results shown in Table IV also substan- 
tiate the well-known fact that great differences exist among seasons 

TABLE V 

Test Weight of Wheat and Analyses of Variance of Five Varieties of Wheat 
Grown on Three Levels of Soil Fertility at Three Locations 
During the 5-year Period, 1937-41 


Levels of 

Test weight in pounds per bushel 


soil 

fertility 

Purdue I 

Trumbull 

American 

Banner 

Michigan 

Amber 

Michikof 

Mean 


SAND field (culver) 


Low 

58.2 

59.0 

57.5 

58.9 

59.6 

58.6 

Medium 

58.4 

59.0 

57.3 

58.8 

59.6 

58,6 

High 

58.3 

58.9 

57.6 

58.8 

59.5 

58.6 

Mean 

58.3 

59.0 

57.5 

58.8 

59.6 

58,6 


KNOX COUNTY EXPERIMENTAL FARM (WHEATLAND) 


Low 

58.5 

58.4 

57.0 

58.5 

58.7 

58.2 

Medium 

59.5 

59.0 

57.6 

59.2 

59.6 

59.0 

High 

59.5 

59.2 

57.9 

59.5 

59.7 

59.2 

Mean 

59.2 

58.9 

57.5 

59.1 

59.3 

58.8 


SOILS AND CROPS FARM (LAFAYETTE) 

1 


Low 

59.7 

59.6 

57.8 

59.1 

59.5 

59.1 

Medium 

60.3 

60.1 

58.0 

60.0 

60.2 

59.7 

High 

60.5 

60.3 

58.4 

60.3 

60.4 

60,0 

Mean 

60.2 

60.0 

58.1 

59.8 

60.0 

59.6 


Analysis of Variance 


Item 

Degrees 

of 

freedom 

Sand 

Field 

Mean square 

Knox County 
Expt. Farm 

Soils and 
Crops Farm i 

Season 

4 

63.49* 

24.67* 

18.96* 

Varieties 

4 

9.42* 

8.25* 

9.46* 

Fertility levels 

2 

0.01 

6.25* 

3.68* 

Varieties X levels 

8 

0.05 

0.04 

0.06 

Seasons X varieties 

16 

1.05* 

0.31* 

0,35* 

Seasons X levels 

8 

2.78* 

0.39* 

0.31* 

Seasons X levels X varieties 

32 

0.11 

0.04 

0,05 


1 Includes the 4 yearSi 1938~4L 
* Exceeds the 1% level of significance. 
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TABLE VI 


Thousand-Kernel Weight of Wheat and Analyses of Variance of Five 
Varieties of Wheat Grown on Three Levels of Soil Fertility at 
Three Locations During the 5- year Period, 1937-41 


Levels of 
soil 

fertility 

lOOO'kernel weight in grams 

Mean 

Purdue I 

Trumbull 

American 

Banner 

Michigan 

Amber 

Michikof 



SAND 

FIELD (culver) 



Low 

26.4 

30.5 

32.0 

27.9 

26.1 

28.6 

Medium 

28.7 

33.3 

34.7 

30.3 

28.2 

31.0 

High 

28.5 

32.9 

35.0 

30.3 

27.9 

30.9 

Mean 

27.9 

32.2 

33.9 

29.5 • 

27.4 

30.2 


KNOX COUNTY EXPERIMENTAL FARM (WHEATLAND) 


Low 

26.6 

28.4 

. 29.0 

28.1 

25.0 

27.4 

Medium 

28.7 

30.5 

31.5 

30.2 

27.4 

29,7 

High 

28.8 

30.6 

32.2 

30.1 

27.7 

29.9 

Mean 

28.0 

29.8 

30.9 

29.5 

26.7 

29.0 


soils and crops farm (Lafayette) 

1 


Low 

31.0 

33.3 

35.1 

31.0 

28.8 

31.8 

Medium, 

32.6 

35.0 

36.4 

33.1 

30.4 

33.5 

High 

32.3 

35.0 

36.8 

32.9 

30.7 

33.5 

Mean 

32.0 

34.4 

36.1 

32.3 

30.0 

33.0 


Analysis of Variance 


Item 

Degrees 

of 

freedom 

j 

Mean square 

Sand 

Field 

Knox County 
Expt. Farm 

Soils and 
Crops Farm ^ 

Season 

4 

57.59t 

59.48t 

147.39t 

Varieties 

4 

119,66t 

40.54t 

68.00t 

Fertility levels 

2 

48.96t 

46.70t 

19.07t 

Varieties X levels 

8 

0.30 

0.27 

0.17 

Seasons X varieties 

16 

L58t 

1.24t 

2.73t 

Seasons X levels 

8 

1,07* 

2.48t 

2.22t 

Seasons X levels X varieties 

32 

0.35 

0.15 

0.16 


^ Includes the 4 years, 1938-41. 

^ Exceeds the 5% level of significance, 
t Exceeds the 1% level of significance. 


and locations. Under the conditions of the experiment, all varieties 
reacted uniformly in protein content on all levels of soil fertility. 

Test Weight, Test weight is an important component of wheat 
quality since it generally reflects flour yield. The data involving the 
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test weight of five varieties of wheat grown on several levels of soil 

fertility are shown in Table V. 

On the Plainfield fine sand at Culver, Indiana, there was no relation 
between test weight and soil fertility. At the Knox County Experi- 
mental Farm the average test weight was increased from 58.2 lb on 

TABLE VII 

Ash Content of Wheat and Analyses of Variance of Five Varieties 
OF Wheat Grown on Three Levels of Soil Fertility at Three 
Locations During the 3-year Period, 1939-41 


Levels of 
soil 

fertility 

Ash content in percent 

Mean 

Purdue I 

Trumbull 

American 

Banner 

Michigan 

Amber 

Michikof 



sand 

FIELD (culver) 



Low 

2.06 

1.96 

1.86 

1.95 i 

1.89 

1.94 

Medium 

1.95 

1.87 

1.79 

1.82 

1.81 

1.85 

High 

1.94 

1.91 

1.80 

1.80 

1.78 

1.85 

Mean 

1.98 

1.91 

1.82 

1.86 

1.83 

1.88 


KNOX county experimental farm (Wheatland) 


Low 

1,76 

1.68 

1.69 

1.67 

1.67 

1,69 

Medium 

1.76 

1.68 

1.70 

1.70 

1.66 

1.70 

High 

1.79’ 

1.78 

1.70 

1.72 

1.70 

1.74 

Mean 

1.77 

1.71 

1.70 

1.70 

1.68 

1.71 


SOILS AND CROPS FARM (lAFAYETTE) 


Low 

1.90 

1.89 

1.83 

1.87 

1.79 

1.85 

Medium 

1.84 

1.86 

1.79 

1.81 

1.74 

1.81 

High 

1.86 

1.86 

1.77 

1.81 

1.79 

1.82 

Mean 

1.86 

1.87 

1.80 

1.83 

1.77 

1.83 


Analysis of Variance 


Item 

Degrees 

of 

freedom 

Sand 

Field 

Mean square 

Knox County 
Expt. Farm 

Soils and 
Crops Farm 

Seasons 

2 

0.7l57t 

0.04881- 

0.53241 


Varieties 

4 

0.0436t 

0.0074t 

0.01601 


Fertility levels 

2 

0.04641 

0.0060t 

0.0092^ 


Varieties X levels 

8 

0.0013 

0.0009 

0.0007 


Seasons X varieties 

8 

0.0036* 

0.0044* 

0,0013* 

Seasons X levels 

4 

0.0029 

0.0155t 

0.0007 


Seasons X levels X varieties 

16 

0.0010 

0.0011 

0.0005 



* Exceeds the 5% level of significaiice. 
t Exceeds the 1% level of significance. ' 
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the low-fertility to 59.2 lb on the high-fertility plots. On the Soils and 
Crops Farm, the average test weights for low, medium, and high levels 
of soil fertility were 59.1, 59.7, and 60.0 lb, respectively. Varieties 
varied significantly in test weight at all locations with a range of 
averages from 57.7 lb for American Banner to 59.6 for Michikof. 

Kernel Size. Kernel size was determined by the weight in grams of 
1000 kernels of wheat. The data were averaged according to varieties 
and locations and are shown in Table VI. 

It will be noted that the low-fertility plots at each location pro- 
duced the smallest kernels, while the wheat grown on the soils of me- 
dium and high productivity had significantly larger kernels. Signifi- 
cant differences were also found between seasons and between varieties. 

Ash Content. Ash determinations were made only on the wheat 
samples harvested during the 3-year period, 1939-41. The data are 
presented in Table VI 1. 

At the Sand Field and the Soils and Crops Farm the wheat grown 
on the low-fertility plots possessed a greater percentage of ash than 
that produced on the more productive levels. On the other hand, at 
the Knox County Farm, the samples from the plots receiving the heavy 
application of fertilizers showed the higher percentage of ash. Little 
difference was found in the ash content of wheat grown on the medium 
and high levels of fertility at all three locations. All varieties reacted 
uniformly in ash content on all levels of soil fertility. 

Summary 

Gluten strength, granulation, carotinoid pigment, crude protein, 
test weight, kernel size, and ash data are reported for five varieties of 
wheat grown on three levels of soil fertility at each of three locations 
during the 5-year period of 1937-41. 

The results show that soil fertility definitely influences quality in 
wheat. In general the quality of wheat improves as the fertility of the 
soil increases. Wheat produced on the well-fertilized plots was found 
stronger in gluten, lower in carotinoid pigments, and higher in yield of 
flour than that grown on the low-fertility plots. Variety, or heredity, 
caused the greatest variations and had the most influence in producing 
differences in the components of quality studied. 

Since the fertility of the soil, especially in the humid region, is 
rapidly declining, the results would indicate that the quality of our 
future w’'heat supply in this region ruay be somewhat lower than that 
formerly obtained. However, by thd^ddition of adequate amounts of 
fertilizer to the soil, wheat of satisfaktory quality can be produced. 
Moreover, since most components of (|uality are hereditary, they can 
6e amendi^d to some extent by the brewer. 
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SIMPLIFIED PROCEDURES FOR THE DETERMINATION OF 
THIAMINE IN WHEAT FLOURS AND BREAD BY THE 
THIOCHROME METHOD 

David Click 

Russell- Miller Milling Company, Research Laboratory, Minneapolis, Minnesota 

(Receiv^ed for publication October 1, 1943) 

With the introduction of the enrichment program, a growing num- 
ber of laboratories have been applying an increasing amount of time 
to thiamine assay in wheat products. The saving of the chemist’s 
time and of materials is always a worthy end, but it is even more 
imperative today that analytical procedures should require the least 
possible time consistent with the necessary accuracy, and that a 
minimum of laboratory materials be employed. 

A shortened procedure for the thiochrome method was reported by 
Andrews and Nordgren (1941) who employed a 15-min extraction at 
room temperature with 25% potassium chloride in 2% acetic acid, 
followed by filtration and oxidation to thiochrome. The oxidation was 
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performed according to the method of the American Association of 
Cereal Chemists (Cereal Laboratory Methods, 4th ed. 1941). 

Hoffer, Alcock, and Geddes (1943) have just published a modifica- 
tion of the procedure of Andrews and Nordgren (1941) in which the 
extraction is carried out at 70° for 30 min. This method, when com- 
pared with that of the A.A.C.C., was shown to give low results with 
unenriched commercial flours, but the difficulty could be circumvented 
by the use of a correction factor. For wheat and enriched flour there 
was no need for the correction. 

Aleanwhile, in England, an abbreviated procedure was indepen- 
dently developed b}^ Nicholls, Booth, Kent-Jones, Amos, and Ward 
(1942) and by Booth (1942) for the estimation of thiamine in the 
national wheat meal. They omitted hot extraction, enzyme digestion, 
and base exchange purification. However, their procedure differed 
from that of the above American workers in the use of mineral acid 
without salt for the extraction and in the introduction of methanol 
prior to oxidation, as recommended by Harris and Wang (1941) and 
Wang and Harris (1942) for the stabilization of thiochrome.^ A 
comparison of this method, with a few minor modifications, with the 
collaborative method of Hennessy (1942), changed in only one detail, 
was undertaken for wheat flours and bread. The Hennessy method 
was chosen for the comparison since, in the opinion of the author, it is 
the best of the American methods employing the adsorption step. 
Consideration was also given to the question of the stability of standard 
solutions of thiamine. 


Experimental 

Simplified Procedure for Patent, Straight, Clear, Low Grade, and 
Enriched Flours, 

A guide to the proportion of extracting acid to sample weight has been given by 
Hennessy (1942). We have found it convenient to employ 50 ml of 0.1 A H^SO^i 
to 10 g of patent or straight, 4 g of enriched patent or straight, 8 g of clear, or 2 g 
of low grade flour. 

Add the sample to the acid in a graduate with a ground glass mouth, stopper, 
and place in a mechanical rocker or slow shaker for 30 min or shake by hand at least 
once every 5 min. Filter through a paper having the porosity of No. 4 Whatman, 
fluted to increase the flitration rate, and after the filtrate begins to come through 
clear, pour back the first turbid liquid for a second filtration. In each of two separa- 
tory centrifuge tubes (E. Machlett & Sons) mix 5 ml of extract with 5 ml CH3OH. 
To one tube add rapidly 3 ml of 15% NaOH, from a pipette with a large orifice, 
followed immediately by 2 drops of 1% K 3 Fe(CN) 6 ; mix at once, and after 45-60 
seconds add 20 ml of isobutanol previously saturated with distilled water, Repeat 
with the Other tube but omit the K3Fe(CN)6. Stopper and shake tubes well for 
about 60 seconds. Centrifuge at 500-600 rpm for 30-45 seconds and drain off the 
bottom layer. To remove the water still suspended in the isobutanol solution, filter 

_ 1 Since this manuscript was submitted, a report has been published by the Vitamin Bi Subcom- 
mittee of the Accessory Food Factors Committee of the Medical Research Council and the Lister 
Institute, giving the results of comparative tests for thiamine by various methods (Biochem, J. zi: 



Mar., 1944 


DAVID CLICK 


121 


through No. 4 Whatman or similar grade of fast paper. Pass the filtrate through a 
fresh paper in a dean funnel directly into the tube or cuvette employed with the 
fluorometer.^ Measure the fluorescence of the unknown (yV) and the blank (.Sx) 
after adjusting the instrument to maximum galvanometer scale reading with a 
standard quinine sulfate solution (for the Pfaltz and Bauer instrument we use 0.5 
Mg per ml in O.liV H2SO4). Standardization with a thiamine solution of known 
concentration is effected by placing 5 ml of a standard solution of thiamine hydro- 
chloride in O.liV H2SO4 (0.4 Mg of thiamine per ml) into each of two separatory 
centrifuge tubes and treating in the same manner as the extract to obtain the fluor- 
escence of the standard (S) and the blank (B/). 

The data are used to calculate the concentration of thiamine in the sample as 
follows: 

. n X ~ B, 50 2 

Mg thiamine per g flour = * TP * 5 

where W = weight of sample in grams. 

Procedure for Whole Wheat Flour. Since whole wheat contains 
significant concentrations of interfering substances that decrease 
fluorescence, it is necessary to eliminate their effect. This may be 
accomplished by measurement of the fluorescence produced by the 
extract in the presence and absence of added thiamine as follows: 


To 50 ml of 2% HCl (wt./vol.) in a graduate, add 4 g of the sample, stopper, 
shake, and allow to stand overnight at room temperature. In a separate graduate, 
repeat in a parallel manner wdth 2% HGl containing 8 Mg of thiamine hydrochloride 
(2 Mg/g sample). In the morning, filter as in the preceding section. Use 5 ml of 
filtrate in each case for the oxidation to thiochrome, following the procedure outlined 
previously except that 2 drops of 3% K3Fe(CN)6 are used. Measure the fluorescence 
produced by the extract (V), and by the extract containing the added thiamine (5). 
Blank determinations are carried out by omitting the K3Fe(CN)6 as previously 
described. The calculation is: 


% thiamine per g sample = {X - Bx) y j '' (Y U B4) ) 


Mg 

Since Bx and Bs in this case are essentially equal, 

W - Bx 


Mg per g = 


W 


Procedure for Bread. 

To 50 ml of acetate buffer having a pH of 4.0 (36 ml of O.IM CHgCOONa 
+ 164 ml of O.lilV CH3COOH) add 8 g of sample and 0.2 g of takadiastase. Another 
vessel is prepared in the same way except that the acetate buffer contains 16 Mg of 
thiamine hydrochloride. After shaking well, the vessels are kept at 40°C overnight. 
The filtration of the extract and subsequent steps follow exactly the procedure given 
for whole wheat, and the calculation is identical. 

Comparison of Methods 

The flours used to obtain the comparative data in Table I were 
milled from a wide variety of spring and winter wheats grown in various 
localities, and the data demonstrate the satisfactory agreement be- 
tween assays made according to the procedures which have just been 
described and a slight modification of the collaborative method of 
Hennessy ( 1942 ). The departures from the Hennessy method con- 
sisted of adding the alkali before the ferricyanide in the oxidation step, 



122 


SIMPLIFIED DETERMINATION OF THIAMINE 


Vol. 21 


TABLE I 

Comparison of Thiamine Methods 


Sample 

Hennessy method^ 

Present short method 



(igig 

Flours 

Enriched patents 

4.40 

4.40 

4.58 

4.54 


4.78 

4.76 


4.58 

4.58 


4.67 

4.62 

Patent 

0.56 

0.55 


0.59 

0.59 


0.38 

0.38 


0.38 

0.38 


0.37 

0.38 

Straight grade 

0.80 

0.80 

0.95 

0.94 


1.10 

1.09 


0.58 

0.62 


0.89 

0.83 

Clear 

2.49 

2.40 


2.04 

2.05 


2.20 

2.35 


2.11 

2.15 


1.40 

1.30 

Low grade 

7.07 

6.73 

6.99 

7.36 


9.25 

9.44 


5.67 

5.39 


2.83 

2.93 

Whole wheat 

5.00 

5.07 


5.30 

5.33 


3.86 

3.76 


4.75 

4.75 


3.82 

4.07 

Bread 

White bread^ 

2.28 

2.42 


2.28 

2.27 


2.16 

1.98 


2.55 

2.64 


2.64 

2.46 


1 These data have been corrected for the volume of the sample in the extracting medium ; further- 
more the alkali was added before the ferncyanide m these determinations. 

2 Values converted to 38% moisture basis. 


and in correcting the results for the volume of the sample in the ex- 
tracting medium. In the published method no such correction is 
made, and consequently the results are always too high. For samples 
under 4 g the magnitude of the correction is small and usually may be 
neglected, but it was found that with a 10-g sample an error of about 
7.0% is involved and a 5-g sample gave an error of about3.5%. This 
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was shown in the following manner: The 75 ml of acid plus sample 
plus 5 mi of acetate-enzyme solution required 13 m! of water in the 
case of a 10-g sample, a total of 93 ml of liquid to make up the volume 
to the 100-ml mark on a volumetric flask; for a 5-g sample the total 
volume of liquid added was '96.5 ml. However, the calculation is 
based on the presence of 100 ml of liquid which is obviously not there. 
It would be simpler, of course, to employ a fixed volume of liquid and 
thus obviate the need for a correction. This is the procedure followed 
in both the British and regular A.A.C.C. methods. 

Notes 

There are a number of points concerning the foregoing procedures 
that deserve mention : 

The principle of standardizing a determination by reference to a 
parallel measurement on an equivalent sample to which a known 
quantity of thiamine has been added is the soundest to employ. In 
this manner, all of the interfering influences that might be present 
exert equal effects on both the determination and the standardization 
and thus are cancelled. Since each sample must be standardized 
separately, this method involves more measurements than in the usual 
procedure of applying one control estimation on a standard thiamine 
solution to all of the determinations made at one time. For those 
flours which are relatively free from interfering concomitant materials, 
the latter method can be safely employed, but for whole wheat flours 
or bread this is not the case ; hence the difference in the standardization 
procedure given for the latter compared to that for the patents, clears, 
etc. For instance, a whole wheat flour giving a value of 5.07 by 
the procedure described in the present paper gave only 3.74 jug/g when 
standardized against a pure thiamine solution subjected to the same 
treatment. 

It is of interest to note that the volume of extracting acid does not 
enter into the calculation for the whole wheat and bread methods. 
Provided the concentration of thiamine in the extract is in the proper 
range, the actual volume of acid used will be without influence as long 
as an equal volume is employed in the standardization. 

Ip those instances where the 30-min extraction period is used, the 
subsequent filtration requires an additional 30 min or so, depending 
on the nature of the flour and the size of the sample. The true extrac- 
tion period is thus greater than 30 min. With more coarsely ground 
material, the extraction time would naturally have to be longer, and 
that is the basis for the overnight extraction of the whole wheat flour. 
This period is probably greater than necessary but was employed 
for convenience. A sample giving a thiamine content of 5.07 pg/g, 
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when subjected to overnight extraction, showed only 3.72 /xg/g when 
extracted for 30 min. 

With flours which are milled from wheat mixes containing appre- 
ciable percentages of Durum wheat, a serious interfering fluorescence 
can be eliminated, as recommended by Harris and Wang (1941) and 
Booth (1942), by first shaking the acid extract with isobutanol, sepa- 
rating, and discarding the isobutanoi layer before adding the methanol 
and reagents for oxidation. 



Dav5 

Fig. 1. Stability of standard thiamine solutions (0.4 nilml) stored in the dark at 6°. I. In 
O.liV H2SO4 (5 ml used with 5 ml CH 3 OH prior to oxidation); 11. In a solution of equal volumes of 
0.12V HiS04 and CHaOH (5 ml used with 5 ml, CH 3 OH - O.UY H 2 SO 4 , 1:1); III. In absolute CH.-tOH 
(5 mi used with 5 ml O.l.V H2SO4). 


Wang and Harris (1942) have indicated the value of adding the 
alkali before the ferricyanide in the oxidation step. In the procedures 
of Hennessy (1942) and HoHer et al ( 1943 ) the two are added together, 
and in the A.A.C.C. method they are added in the reverse order. 

The amount of ferricyanide required will depend on the nature and 
quantity of the oxidizable impurities present in the extract. Wang 
and Harris (1942) have indicated that the proper amount is the least 
necessary to maintain the yellow ferricyanide color for over 30 seconds. 

The use of either filtration through paper or addition of ethanol to 
clarify the isobutanol solution of thiochrome (Nicholls et al, 1942) is 
simpler, in the author’s opinion, than the use of anhydrous sodium 
sulfate. The advantage of filtration over the use of ethanol for clarifi- 
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cation is that particles that may be suspended in the liquid are re- 
moved. We have found it unnecessary to subject Whatman No. 4 
paper to preliminary extraction with isobutanol although the British 
workers have found this treatment advisable to remove fluorescent 
materials from the paper they employed. 

The larger volume of isobutanol was employed to save time by 
discarding the last few ml in each of the two filtrations prior to the 
measurement of fluorescence. 

Stability of Standard TMamine Solutions 

The effect of methanol on the stability of standard thiamine solu- 
tions stored in the dark at 6°C is apparent from Figure 1. While 
methanol stabilizes thiochrome or its formation from thiamine, as 
shown by Harris and Wang (1941), it increases the rate of gradual 
decomposition of stored thiamine solutions. Results shown in Figure 
1 also indicate that it is unsafe to use a standard solution of thiamine in 
dilute acid after it has been stored for more than a few days. 

Summary 

Comparisons have been made between British procedures for the 
thiochrome determination of thiamine, with minor modifications, and 
the collaborative method of Hennessy, changed in one detail, when 
applied to wheat flours and bread. The two methods give results 
which are in satisfactory agreement, provided that a correction is 
applied to the latter to compensate for the volume of the sample in 
the extracting liquid. 

Details have been reported of procedures for wheat flours that do 
not require extraction at elevated temperatures, enzyme digestion, or 
base exchange purification ; and that eliminate the hot extraction and 
base exchange step in the case of bread. These methods are essentially 
the same as those of the British, and they offer certain advantages 
over the procedures generally used in America. Discussion of certain 
of the steps in the methodology has been included. 

It was shown that methanol increases the rate of destruction of 
'thiamine in solution. 
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FACTORS THAT INFLUENCE THE PHYSICAL AND OTHER 

PROPERTIES OF WHEAT. V. EFFECT OF FREQUENT 
RAINS ACCOMPANIED BY STORMS ON BLACKHULL, 
CHIEFKAN, AND TENMARQ ^ 

C. O. Swanson 

Kansas Agricultural Experiment Station, Manhattan, Kansas 

(Received for publication September 2, 1943) 

Extensive investigations of the effects of weathering on the quality 
of wheat have been made by the author (1936, 1941, 1942, 1943, 1943a, 
1943b, and with Johnson, 1943), by Bracken and Bailey (1928), Whit- 
comb and Johnson (1928), and by Larmour, Malloch, and Geddes 
(1933). The results of various minor studies have also been briefly 
described in the annual reports of the Grain Research Laboratory, 
Board of Grain Commissioners for Canada, Winnipeg, for the years 
I 1928, 1931 to 1935, 1941, and 1942. The general conclusion has been 
^ that effects of weathering on wheat, provided that no germination has 
occurred, are by no means as serious as indicated by a superficial 
visual examination of the samples. 

Experimental investigations under natural conditions are difficult 
to make because they must be confined to seasons when the weather is 
suitable. This condition occurred during 1942 in Kansas where heavy 
rains occurred during the late part of the growing season and at harvest 
time. The results of tests on samples collected from the experimental 
fields at Manhattan and elsewhere throughout Kansas are reported in 
this paper. 


s Contribution No. 102, Department of Milling Industry. 
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Weather Conditions Prevailing in 1942 

The harvest season of 1942 had abnormally heavy rains accom- 
panied by storms during the greater part of June, both during ripening 
of wheat and the time it was mature for cutting. July had consider- 
ably less than half the normal rainfall for that month, while the August 
rainfall was nearer normal. Detailed rainfall during June, July, and 
August at Manhattan, Kansas, is given in Table L The 12.72 inches 

TABLE I 


Rainfall at Manhattan, Kansas, for June, July, August, 1942 


Date 

June 

July 

Aug. 

Date 

June 

July 

Aug. 


inches 

inches 

inches 


inches 

inches 

inches 

1 

2.241 



17 

0,45 



2 




18 

1.20 



3 


0.46 

0.51 

19 

3.02 

0.01 


4 



0.06 

20 

1.77 

0.04 


5 

0.02 

*0.14 


21 


0.07 


6 



0.10 

22 




7 

0.31 


0,14 

23 “ 




8 

0.01 

0.48 ' 

0.02 

24 

1.80 

0.06 


9 

0.09 


0.32 

25 


0.21 

0.18 

10 

0.30 



26 



1.20 

11 

0.05 


0.06 

27 




12 

0.45 



28 




13 

0.04 


0.28 

29 

0.82 



14 



0.40 

30 




15 

0.15 



31 




16 




Total 

12.72 

1.47 

3.27 


1 On May 31 there was a rainfall of 0,46 inch. 


rainfall in June at Manhattan was nearly three times normal. During 
the frequent rains in the middle of June, several storms occurred, caus- 
ing first lodging and then twisting. This made gathering of samples 
difficult. Lodging occurred earlier in spots, but finally all the wheat 
was lodged or the straws broken and tangled. 

Weather conditions during the harvest of 1942 at Manhattan were 
much different from the harvest of 1941 when only five light rains, 
totaling 0.98 inch, fell during the period from June 10 to July 22, 
and there were no storms in 1941. The results of the 1941 harvesting 
studies have been reported by Swanson (1943b). 

General Plan of Investigations 

Materials. Three varieties were included in the 1942 experiments 
— Blackhull, Chiefkan, and Tenmarq. These had been grown on plots 
in the field used for variety testing by the Department of Agronomy. 

Plan of Studies. There were five parts to these studies: (1) changes 
in the wheat kernels during maturing or ripening from the early-milk 
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Stage of the kernels to the hard-dough stage or maturity, and also the 
effects of drying in sun and shade; (2) effects of exposure in the field for 
about 4 weeks after maturity; (3) effects of exposing small shocks of 
wheat cut at the hard-dough stage; (4) effects of soaking wheat in the 
straw and wetting as grain; (5) observations on samples of the three 
varieties grown in various parts of Kansas.- 

Laboratory Tests. The effects of the various factors on the wheat 
grain were measured by test weight, internal texture counts, and by 
milling and baking the samples included under parts 2 and 3 of the 
plan. Supplementary tests were also made for moisture content of 
wheat, and for protein, ash, and moisture content of flours used for 
baking. The samples cut before the hard-dough stage were scoured in 
a barley pearler. 

Procedure and Results of Physical Tests on Manhattan Samples 
Samples Cut before the Hard-Dough Stage 

Procedure. First cutting of small samples before the hard-dough 
stage was on June 12. Cuttings were then made on June 15, 17, and 
19. The weather was cool, cloudy and, as can be seen from Table I, 
rains were of almost daily occurrence up to June 20 when the wheat 
was approaching hard-dough stage. No brown color had appeared 
on the kernels harvested on June 12 and 15, but on June 17 the kernels 
were turning brown, and on June 19 they were nearly all brown and 
the interior was at the hard-dough stage. All kernels harvested before 
the hard-dough stage became dark brown and hard on drying. Three 
small bundles of each variety were cut on each date. One was used 
for determining the moisture content of the wheat kernels, another was 
placed to dry out of doors, and the remaining bundle was dried in the 
wheat nursery shed. The study of the effects of drying out of doors 
and inside was only partially satisfactory because of the prevalence of 
cool, cloudy weather. 

The bundles used for the moisture determination of the grains were 
threshed on the small nursery thresher, and weighed samples of the 
grain were exposed to the air in shallow pans in the laboratory to 
obtain data for the amount of moisture lost in air drying. From the 
additional moisture contents subsequently obtained by the usual oven 
treatment of the air-dry samples, the total moisture contents at the 
time of cutting were calculated. 

The bundles dried out of doors and bundles dried under cover were 
later threshed on the nursery thresher. The following determinations 
were made on the samples: test weight (micro method, Swanson, 1942), 

- These samples were made available by Dr. H. H. Laude, of the Department of Agronomy. 
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internal texture counts, and effects of miniature scouring on test weight. 
This scouring was done by passing 100-g samples through a barley 
pearler with the outlet gate open. Several preliminary tests had 
shown that this treatment was closely equivalent to scouring. The 
internal textures were determined on kernel sections made with a 
barley cutter. The data from these various measurements on wheat 
cut before the hard-dough stage are given in Table 11. 


TABLE II 

Moisture, Test Weight, and Internal Texture Counts of Wheat 
Samples Cut Before the Hard-Dough Stage 




Test weight 

Date 

Moisture 

Blackhull 1 

Chiefkan 


Tenmarq 


cut 

June 

average 
all var. 



! 









After 



After 



After 





Shade 

Sun 

scour- 

Shade 

Sun 

scour- 

Shade 

Sun 

scour- 





ing 



ing 



ing 


% 

Ibjbu 

Ibjbu 

1 Ibjbu 

Ibjbu 

1 Ibjbu 

Ibjbu 

Ibjbu 

1 Ibjbu 

Ibjbu 

12 

49 

55.6 

55.2 

58.4 

58.5 

57.2 

61.1 

54.8 

56.5 

57.9 

15 

48 

56.4 

5S.S 

59.6 

59.9 

57.7 

63.6 

55.8 

54.3 

58.5 

17 

47 

1 56.9 

I 55.1 

60.1 

59.1 

59.2 

61.3 

57.2 

57.8 

60.2 

19 

44 

1 56.6 

55.7 

59.5 

60.8 

59.7 

1 62.9 

59.0 

58.1 

61.4 


Internal texture counts (Average for sun- and shade-dried samples) 


1 

Vit. 

Semi 

vit. 

Mealy 

Vit. 

Semi 

vit. 

Mealy 

Vit. 

Semi 

vit. 

Mealy 



% 

% 

% 

% 

% 

% 

% 

% 

% 

12 

49 

55 

35 

10 

94 

4 

2 

85 

12 

3 

15 

48 

65 

27 

8 

98 

2 

0 

93 

6 

1 

17 

47 

69 

24 

7 

97 

2 

1 

88 

7 

5 

19 

44 

64 

28 

8 

97 

2 

1 

76 

17 

7 


Results, A comparison of the results for the samples cut June 12 
with those cut on June 19 show’^s that Blackhull had made the least 
increase in test weight, Tenmarq the greatest increase, and Chiefkan 
intermediate. The comparatively small increases in test weight be- 
tween June 12 and June 19 were probably due to the sometimes cloudy 
and rainy weather. All samples, except two of Tenmarq, decreased in 
test weight from drying out of doors because of shriveling. Drying 
out of doors would no doubt have had greater effect in hot, dry weather. 
The two exceptions of Tenmarq were probably due to variations in 
field sampling. 

The test weights after scouring were in all cases higher than before 
this treatment, showing that the comparative looseness of the outer 
bran, even of immature grain, has a large influence on test weights. 
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While this method of scouring may not be very accurate, the figures 
are comparable and indicate that this treatment had the greatest effect 
on Blackhull and the least on Tenmarq with Chiefkan intermediate. 

As to internal texture condition, Blackhull showed the lowest 
vitreous and highest mealy counts; Chiefkan showed the highest 
vitreous and lowest mealy counts; Tenmarq was intermediate. There, 
was no consistent trend between the first and succeeding cuttings. 

Samples Cut in and after Hard-Dough Stage and Exposed in Shocks 

Procedure. The first cutting in this series was made on June 22, 
when the grain was in the hard-dough to hard stage. The weather 
at this time was still cool for the season. On this date and at each 
subsequent cutting, three bundles were gathered in order to have 
enough grain for milling and flour for baking. Besides these three 
bundles, a small sample was cut from each variety for the determina- 
tion of moisture, proceeding in the same manner as with the samples 
cut earlier. 

The wheat cut on June 22 appeared as mature as is usual when 
cutting is started with a binder for drying in shocks. Because of the 
rains and storms, the wheat was not only lodged but tangled. This 
made gathering difficult and the field losses increased progressively 
with the later cuttings. All bundles were placed in the shed soon after 
gathering and threshed when dry. 

The bundles for exposure in the shocks were cut June 25-27 when 
the moisture content of the grain was about 20%. The small shocks 
were tied to wooden stakes and were not covered except with screen 
wire to keep off the birds. There were five small shocks of each 
variety, four of which were threshed at weekly intervals, but the last 
one was exposed until September 2, over 2 months. Hence, it was 
exposed to the heavier rains in August. 

Results. Test weights were taken by the official method and milling 
was done on the Buhler mill. The flours were analyzed for moisture, 
protein, and ash. The figures for moisture and protein were used to 
calculate the absorption for making the mixograms (Swanson and 
Johnson, 1943), and also for baking. The dates of cutting the wheat 
and threshing the shocks, the moisture percentages of the grain at the 
time of cutting, the test weights, the flour yields, and ash are all given 
; in Table III.' , 

Highest test weights were obtained on the samples cut on June 22. 
After this there was a gradual decrease which was related to the time of 
exposure in the field. The total decrease from exposure in the field 
was 2.3 lb for Blackhull, 3.0 for Chiefkan, and 2.3 for Tenmarq. 
While Chiefkan had a higher test weight throughout than either of 
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TABLE III 

Test Weight, Flour Yield, and Flour Ash Content for Wheat Samples Cut 

IN AND AFTER HaRD-DoUGH StAGE AND AFTER EXPOSURE IN THE 

Field or in Shocks 




Test weights 

Flour yield and Hour ash 

Date cut 

Moisture 

when 

cut 

Black- 

Chief- 

Ten- 

Blackhull 

Chiefkan 

Tenmarq 



hull 

kan 

marq 

Yield 

Ash 

Yield 

i 

Ash j 

Yield 1 Ash 


EXPOSED IN THE FIELD 



% 

lb 

1 lb 

lb 

1 

% 

% 

% 

% 

% 

% 

June 22 

37 

57.6 

60.7 

58,0 

72.0 

0.47 

72.0 

0.46 

71.0 

0.45 

26 

20 

56.4 

59.9 

53.7 

71.0 

0.46 

73.0 

0.47 

72.6 

0.50 

July 1 

13 

57.0 

59.1 

56.2 

71.0 

0.46 

73.0 

0.45 

71.1 

0.43 

6 

14 

56.3 

58.4 

55.8 

74.0 

0.46 

74.0 

0.49 

73.2 

0.45 

13 

11 

56.7 

58.2 

55.8 

70.9 

0.44 

76.0 

0.46 

73.4 

0.46 

20 

12 

56.0 

58.0 

54.6 

72.8 

0.41 

73.7 

0.45 

72.2 

0.44 

22 

12 

55.3 

57.7 

55.7 

72.0 

0.44 

72.0 

0.48 

72.0 

0.45 


EXPOSED IN SHOCKS 


Date 

threshed 

Moisture 

when 

threshed 







i 

i 



% 

lb 

lb 

lb 

% 

% 

% 

% 

% 

% 

July 1 

12 

56.5 

59,4 

52.6 

70.2 

0.46 

72.5 

0.51 

71.0 

0.41 

6 

11 

55.5 

59.2 

56.6 

70.2 

0.45 

72.0 

0.47 

71.4 

0.45 

13 

10 

54.4 

59.9 

55.5 

70.1 

0.46 

71.0 

0.47 

73.6 

0.48 

20 

10 

55.8 

59.5 ' 

55.6 

72.7 

0.47 

72.0 

0.46 

71.9 ’ 

0,45 

Sept. 2 

13 

54.8 

57.6 

54.6 

73.0 

0.44 

73.5 

0.46 

71,3 

0.45 


the other two, the decrease in the test weight of Chiefkan was some- 
what greater. 

Exposure in the shocks caused notably less change in test weight 
than exposure in the field. The few rains in July caused no consistent 
change in test weight, but the exposure to the heavier rains in August 
decreased the test weight of Blackhull and Tenmarq 1 lb and of Chief- 
kan 1.9 lb below the sample threshed July 20, 

The flour yields ® did not decrease correspondingly with the lowering 
of test weight, thus confirming previous investigations (Swanson, 1941, 
1943b). The extraction percentages correspond to that obtained for 
straight flour and the ash figures indicate fairly uniform milling. The 
flour yields for Blackhull were significantly lower than for either Ten- 
marq or Chiefkan. 

The changes in internal texture of the samples from the field ex- 
posure and the shock exposure are given in Table IV. The 0.82-inch 


8 Credit is due Warren F, Keller, Research Miller, for making the milling tests. 
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TABLE lY 


Changes in Internal Texture of Wheat from Field and Shock Exposure 



1 

Blackhull 

Chiefkan 

Tenmarq 

Date cut 


1 Mealy 

Vit. 1 se^i 

Mealy i 

Vit. 

Semi 

vit. 

Mealy 


SAMPLES FROM FIELD EXPOSURE 



% 

% 

% 

% 

% 

% 

% 

% 

% 

June 22 

i 55 ' 

30 

15 

98 ! 

1 

1 

93 

5 

2 

26 

50 

36 

14 1 

98 

1 1 

1 

92 

S 

3 

July 1 

^ 44 i 

38 

18 i 

94 1 

6 i 

0 

62 

36 

2 

6 

i 25 ' 

52 

23 I 

85 : 

8 1 

7 ! 

21 

50 

29 

13 

i 12 

49 

39 

89 

9 

2 

27 

50 

23 

20 

1 5 

49 

46 

73 

26 i 

1 

25 

53 

22 

22 i 

j 

‘ 17 

45 i 

38 

62 

27 1 

11 

14 i 

69 

17 


SAMPLES FROM SHOCK EXPOSURE 


Date threshed 1 

; 1 










% ^ 

% 

% 

% 

% 

% 

% 

% 

% 

Julv 1 

51 1 

39 

10 

100 

0 

0 

41 

41 ' 

18 

6 

57 ! 

29 

14 

98 

1 

1 1 

85 

11 1 

4 

13 

56 i 

35 

9 

94 

2 

4 ! 

70 

24 

6 

20 

47 i 

32 1 

21 

96 

^ 1 

1 

63 

28 

9 

Sept. 2 

18 : 

1 

46 

36 

1 87 

7 

6 

38 

25 

17 


rain on June 29 and the 0.46-mch rain on July 3 (Table I) seem to have 
produced marked changes in the internal texture since there is a notable 
increase in the mealy condition between the samples obtained on J une 
26 and July 1 and much more between the samples obtained on July 1 
and July 6. Blackhull showed the greatest change and Chiefkan the 
least with Tenmarq intermediate. Chiefkan exhibited a remarkable 
resistance to exposure to rains. There were no extensive internal 
changes in the samples exposed in the shocks except the ones threshed 
September 2, indicating that, although the shocks were not covered, 
the compact massing of the wheat heads afforded a fairly good protec- 
tion against the rains. Only the shocks left out of doors until Septem- 
ber 2 had the dark gray appearance associated with prolonged exposure. 

A comparison of the flour yields in Table III with the internal 
textures in Table IV shows that changes from vitreous to m-Jly 
interiors were not reflected in decreased flour yields. a 

Effects of Wetting Grain before and after Threshing 

Observations made in previous experiments indicated that wetting 
wheat in the head did not produce as great changes as when water was 
added to the threshed grain. The glumes seemed to afford a consider- 
able protection against wetting. 
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Procedure. Two bundles of each of the three varieties — Blackhiill, 
Chiefkan, and Tenmarq — were cut on June 22- and again on June 26^ 
when the wheat was hard and had not yet been affected by wetting by 
rain as shown in Table IV. After drying in the shed for a few days, 
one bundle from each pair was soaked for 3 hours, heads down, in a 
large can. This was done toward evening in order to prolong the 
period of wetness. The three bundles so wetted were then exposed 
until dry, but were protected from further wetting by rain, after 
which they were threshed. 

The other bundle from each pair was threshed as soon as dry and 
the grain divided into two portions. One was used as a check, not 
wetted; the other portion was wetted by soaking the wheat in water 
for hours and then dried. The grain was intentionally soaked 
a somewhat shorter time than the heads. When again dry these three 
portions of grain were then tested for test weight (micro method) and 
internal textures. 


TABLE V 

Effect of Wetting Threshed and Unthreshed Wheat on Test 
Weight and Internal Texture of the Grain 


Date 

cut 

Variety 

Treatment 

Test 

weight 

Internal texture 

Vit. 

Semi vit. 

Mealy 




Iblbu 

% 

% 

% 

June 22 

Blackhull 

Not wetted 

59.9 

58 

33 

9 



W’etted in heads 

56.1 

46 

41 

13 



W'etted as grain 

56.5 

0 

34 

66 


Chiefkan 

Not wetted 

59.0 

93 

4 

3 



Wetted in heads 

59.5 

i 94 

3 

3 


t 

Wetted as grain 

55.3 

62 

32 

6 


Tenmarq 

Not wetted 

58.5 

90 

6 

4 



Wetted in heads 

56.5 

58 

36 

6 



Wetted as grain 

53.9 

5 

50 

45 

June 26 

Blackhull 

Not wetted 

56.8 

59 ! 

23 

18 



Wetted in heads 

56.5 

38 ‘ 

39 

23 



Wetted as grain 

53.7 

8 

28 

64 


Chiefkan 

Not wetted 

60.4 

98 

2 

0 



Wetted in heads 

59.2 

94 

5 

1 



Whetted as grain 

57.2 

67 

26 

7 


Tenmarq 

Not wetted 

56.4 

69 

23 

8 



Wetted in heads 

54.9 

61 

32 

7 



Wetted as grain 

53.1 

15 

39 

46 


PesuUs. The data in Table V show that wetting by soaking the 
heads in water notably decreased the test weight, but not as much as 
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by soaking the grain. The internal textures were also notably changed 
by soaking the heads but not nearly as much as by soaking the grain. 
In a previous experiment (Swanson, 1936) it was observed that soaking 
for 10 to 30 minutes had comparatively little effect. The artificial 
sprinkling of standing wheat produced no measurable effects. It is 
thought that the rains which fall as drizzles and at night have a much 
greater effect than small rains in the day time. 


Results of Protein, Mixing, and Baking Tests on Manhattan Samples 

Method. The flours from the wheat samples represented by the 
data in Tables II and IV were baked ^ using the formula: flour 100 g, 

TABLE VI 

Protein Content, Mixing Time, and Loaf Volume for Flours Milled from 
Wheats Cut at the Hard-Dough Stage and After Exposure to Rains 



Rain- 

fall 

BlackhuII 

Chiefkan 

Tenmarq 

Date cut 

after 

cut- 

ting 

Pro- 
tein ^ j 

Mixing 

time 

Loaf 

volume 

Pro- 
tein 1 

Mixing 

time 

Loaf 

volume 

Pro- 
tein 1 

Mixing 

time 

Loaf 

volume 


EXPOSED IN THE FIELD 



inches 

% 

min 

cc 

% 

mhi 

cc 

% 

min 

cc 

June 22 

0.0 

14.2 

2.2 

1043 

15.0 

1.6 

860 

13.7 

3.1 

1025 

26 

1,80 

14.9 

2.1 

1060 

14.9 

1.6 

843 

15.0 

3.1 

1170 

July 1 

2.62 

14.8 

2.2 

1023 

15.2 

1.7 

800 

14.2 

3.0 

1043 

6 

3.22 

14.5 

2.4 

1020 

15.0 

1.8 

870 

13.5 

3.1 

958 

13 

3.70 

14.1 

2,2 

983 

15.4 

1.8 

840 

14.3 

3.3 

1038 

20 

3.75 

14.4 

2.4 

1008 

14.5 

1.8 

765 

14.4 

3.4 

1040 

22 ' 

3.82 

14.5 

2.7 

1080 

14.7 

1.8 

825 

13.9 

3.6 

980 


EXPOSED IN SHOCKS 


i 

Date threshed 

j 

Rain- 

fall 

after 

thresh- 

ing 


j 









inches 

% 

min ] 

cc 

% 

min 

cc 

% 

min 

cc 

July 1 

0.0 

15.2 

2.2 ! 

1025 

14.8 

1.5 

750 

13.6 

3.6 

1010 

6 

0.60 

14.8 

2.2' 1 

1010 

14.8 

1.6 1 

758 

14.3 

3.1 

1058 

13 

1.08 

15.2 

2.2 

1035 

14.7 

1.8 

765 

14.9 

3.4 

1055 

20 

1.13 

13.7 

2.2 

950 

14.9 

1.6 

785 

14.6 

3.6 

1040 

Sept. 2 

3.61 

i 

15.0 

1 

2.4 

1095 

15.0 

1.9 

908 

14.4 

3.6 

1028 


1 Protein content {N X 5.7) is expressed on *‘as is*’ moisture basis. 


dry milk solids 4 g, shortening 3 g, sugar 6 g, yeast 2 g, salt 1.5 g, 
KBrOs 3 mg, and water, calculated on the basis of protein and moisture. 
This ^Vich^^ formula had been shown in previous experiments (Swan- 
son, 1943) to be best when observations are being made to discover 

^ Credit ia due to Jolin A. Johnson, Assistant Baking Technologist, for performing the baking tests. 
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any differentiation among samples exposed to varying amounts of 
weathering. The mixing time was calculated from the characteristics 
of the mixograms and a factor correlating with the bakery mixer. 

Results, The loaf volume, mixing time, and protein percentages 
of the flours are given in Table VI. The data on grain texture and 
crumb color are not included since they did not seem to add any im- 
portant information. 

It is very evident that the loaf volumes vary most between the 
varieties and very little according to exposure. That is, the exposure 
in the field and shocks did not have any considerable effect on the bak- 
ing value. The mixing time was slightly longer for the samples ex- 
posed the most; in previous investigations (Swanson, 1943b) it was 
found that the mixing times of the weathered samples were distinctly 
longer than the nonweathered. 



Fig. 1 . Mixogram patterns for flours milled from wheat subjected to exposure in the field and in shocks. 


The effects of exposure on selected mixograms are shown in Figure 1. 
It will be observed that some changes occur in the shapes of the curves 
with changes in the dates of cutting and threshing. It will be noted 
that the curves for Chiefkan show less change with time of exposure 
than do those for Blackhull and Tenmarq. 

Samples from Experimental Fields in Various Parts of Kansas 

The unusually wet weather which prevailed at Manhattan in June 
(Table I) was also experienced in the main wheat belt of Kansas. This 
presented an opportunity to observe the effects on these same three 
varieties of frequent rains between heading and harvesting in various 
locations. 
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TABLE VII 

Rainfall in Inches During Kernel Formation at Various Locations in Kansas 


Date 

Colby 

Colum- 

bus 

Dodge 

Garden 

City 

Hays 

Hutch- 1 
inson 

King- 

man 

Meade 

Thayer 

Tri- 

bune 

Mav 21 











22 . 











23 






— 1 





24 











25 







— 




26 











27 








— 



28 


— 








— 

29 











30 




— ' 







31 



0.06 

0.16 

4.14 


0.24 

0.90 



June 1 





0.25 

0.50 





2 

-- 










3 











4 

T 


0.40 

0.02 




0.03 



5 

T 



T 

0.04 

2.00 



— 


6 



0.36 






2.31 

T 

7 

0.02 

1.83 

0.15 

0.33 


1.07 

0.66 

0.63 

1.73 

0.14 

8 

1.93 

0.43 

0.61 

1.13 

0.32 

0.18 

0.23 

0 . 2 s 

0.38 

0.53 

9 

0.40 

1.25 


0.01 

0.74 

0.10 

0.06 

2.05 

0.64 

2.51 

10 


0.73 

■ 



0.03 


0.11 



11 


0.63 









12 

0.05 



0.13 

0,41 

0.75 

0.40 

0.06 

0.83 


13 

0.62 

0.97 



0.15 





0.72 

14 




0.18 

T 


0.09 




15 


0.42 



0.22 

0.13 



0.68 

0.15 

16 

0.07 



T 

0.39 

1.17 

0.27 




17 

0,02 

0.49 

0.84 

0.22 

2.37 

1.78 

0.54 


1.21 


18 

0.59 



0.06 

0.91 1 

0.79 


1.88 i 

1.73 

0.03 

19 


1.09 



T 1 

0.51 

j 

1.21 


0.73 

T 

20 

0.05 

= 1 


0.13 





1.05 


21 

0.10 


0.56 

0.90 

0.08 

0.90 

1.03 


1.70 

0.16 

22 

0.30 



0.01 

0.33 

0.40 




1.11 

23 

0.02 



0.03 

T 




0.33 

0.10 

24 

T 

0.62 








0.06 

25 

0,02 










26 

T 










27 




T 

0.79 






, 28 




0.17 

0.09 

0.61 





29 






0.54 

2.01 

= 


0.55 

30 




_ 

= 




=: 

0.12. 

July. 1 

T 



0.03 






0.07 

2 




0.09 






0.02 

3 

=' 










4 











' , , 










= 

Total 

4.19 

7.84 

2.98 

3.50 

11.45 

10.31 

6.74 

5.91 

13.32 

6.27 


Single line represents date of heading and double line date of cutting. 
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Rainfall Data. The rainfall record for this period at the places 
where the wheats were grown is given in Table VII. This record indi- 
cates a dry period before the rains started on May 31. For most 
stations the interval between the date of heading and date of harvest 
was over one month. In most cases no rain occurred immediately 
after harvesting and hence the effects observed were due to the rain 
which fell while the wheat was standing in the fields. The rains which 
fell at Hutchinson on the two days after harvesting had no effect, 
since the wheat was combined. 

Results. The data on test weight, flour yield, and ash, given in 
Table VIII, were obtained from a project underway to study the 

TABLE VIII 

Test Weight, Flour Yield, and Ash Values for Wheat Samples 
Grown at Various Locations in Kansas 


Place grown 

Rain 

Test weight 

Flour yield and flour ash 

Black- 

hull 

Chief- 

kan 

Ten- 

marq 

Blackhull j 

Chiefkan 

Tenmarq 

Yield 

Ash 

Yield 

Ash 

Yield 

Ash 


inches 

Ih 

lb 

lb 

% 

% 

% 

% 

% 

% 

Manhattan 

14.11 

55.2 

57.0 

54.2 

71.4 

0.39 

73.4 

0.44 

74.2 

0.43 

Thayer 

13.32 

56.5 

— 

57.9 

68.8 

0.43 

! 

— 

72.8 

0.42 

Hays 

11.45 

57.5 

60.6 

56.2 

69,0 

0.42 

73.0 

0.43 

71.8 

0.42 

Hutchinson 

10.92 

59.6 

60.5 

58.4 

72.0 

0.40 

71.3 

0.42 

71.8 

0.42 

Columbus 

7.84 

54.5 

• 

55.2 

67.3 

0.42 





73.5 

0.43 

Kingman 

6.74 

57.9 

58.5 

55.8 

70.5 

0.43 

72.0 

0.43 

73.0 

0.42 

Tribune 

6.27 

— 

61,0 

58.9 

— 

— 

72.5 

0.43 

72.0 

0.43 

Meade 

5.91 

59.2 

59.5 

56.9 

70.8 

0.44 

71.6 

0,46 

72.0 

0.44 

Colby 

4.19 

58.3 

61.6 

57.9 

71.0 

0.43 

73.3 

0.42 

73.0 

0.42 

Garden City 

3.50 

— 

59,8 

55.7 

— 

— 

69.0 

0.51 

7i.4 

0.46 

Dodge City 

2.98 

57.4 

60.3 

52.5 

71.0 

0.43 

72.8 

0,47 

68.5 

0.46 


influence of environment on the quality of wheat varieties. One 
weakness in the data of Table VIII is that it is not known what figures 
would have been obtained in the absence of these rains. Gomparisons 
can therefore be made only with what is generally obtained on un- 
weathered wheat. On this basis the flour yields given in Table VIII 
are as high from wheats exposed to these rains as would be obtained 
from wheats not so exposed. The ash figures are also about what 
would be expected from wheat ripened under drier conditions. 

The figures for internal texture given in Table IX show that the 
Blackhull samples were the least vitreous or most mealy, with the 
Tenmarq samples intermediate. Thus, the samples grown in various 
parts of the state show substantially the same effects from the rams 
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TABLE IX 

Internal Texture Values for Wheat Samples Grown at Various Locations 

IN Kansas 


Place grown 

Rain 

! Blackhull 

Chiefkan 

Tenmarq 

Vit- 

Semi 

vit. 

Mealy 

! Vit. 

1 Semi 
i vit. 

Mealy 

Vit. 

Semi 

vit. 

Mealy 


inches 

i % 

I % 

I % 

% 

% 

% 

% 

% 

% 

Manhattan 

14.11 

11 

1 44 

' 45 

71 

23 

6 

6 

53 ! 

41 

Thayer I 

13.32 

53 

31 

16 

— 

— 

— 

74 

15 

11 

Hays 

11.45 

53 

38 

9 

96 

4 

0 

69 

25 

6 

Hutchinson 

10.92 : 

49 

! 41 

10 1 

99 

1 1 

0 

90 

8 

2 

Columbus 

7.84 

47 

25 

28 



’ 



64 

14 

22 

Kingman 

6.74 

22 

57 

21 

70 

25 

5 

52 

31 

17 

Tribune 

6.27 

— 

— 


96 

0 

4 I 

93 

7 

0 

Meade 

5.91 

58 

31 

11 

90 

7 

3 

72 

19 

9 

Colby 

4.19 

36 

50 

14 

97 

2 

1 

88 

10 

2 

Garden Cit}^ 

3.50 

— 

— 

— 

89 

10 

1 

64 I 

33 

3 

Dodge City 

2.98 

69 

26 

5 

90 

7 

3 

72 

19 

9 


as those from Manhattan. There seems to be no consistent relation- 
ship between the size of the rains and the effects, as shown by the 
results from places of largest, medium, and smallest rainfall. This is 
indicated by the results from the three groups in Tables VIII and IX. 
That is, frequent small rains will decrease the test weight and change 
the internal texture as well as the larger rains. 

The protein and loaf volumes given in Table X, also obtained from 
the project on influence of environment, show that Chiefkan was the 


TABLE X ^ 

Protein and Loaf Volume of Flours Milled from Wheats Grown at Various 

Locations in Kansas 


■! 

Place grown 

Blackhull 

j Chiefkan 

Tenmarq 

Protein ^ 

Loaf vol. 

Protein ^ 

Loaf vol. 

Protein 

Loaf vol. 


% 

cc 

% 

cc 

% 

cc 

Manhattan ' 

12.4 

843 

13.6 

783 

12.8 

943 

Thayer 

12.9 

847 

— 

— 

11.4 

770 

Hays 

16.4 

900 

16.2 

825 

16.0 

. 1142 

Hutchinson 

13.0 

841 

12.7 

740 

12.4 

797 

Columbus 

10.5 

702 

12.8 



9.8 

683 

Kingman 

13.1 

837 

14.8 

743 

13.2 

915 

Tribune 

— 

— 

16.1 

733 ! 

14.7 

958 

Meade 

15.7 

927 

— 

888 : 

14.8 

1000 

Colby 

14.6 

912 

13.3 

847 

13.3 

900 

Garden City 


— 

18.3 

915 

18.0 

1315 

Dodge City 

15.1 

958 

15.1 

898 

15.6 

1207 


1 Protein content (V X 5.7) is expressed on the “as is” moisture basis. 
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poorest in baking value although it was the best from the grain-grading 
standpoint, as shown by the test weight and texture' values given in 
Tables VIII and IX, Tenmarq gave the largest loaf volumes except 
when it was lower in protein. All the loaves from Blackhull were 
larger than the comparable samples from Chiefkan. 

The figures for protein in Table X show also that high protein wheat 
is not inconsistent with a comparatively large rainfall during heading. 

Summary and Discussion 

The data which have been presented on the effects of frequent rains 
accompanied by storms during the heading and ripening period indi- 
cate the same general effects as were obtained from the smaller rains 
reported previously (Swanson, 1943a). The larger rains caused 
greater mechanical losses in the field, but these were not reflected in 
the quality. The results of soaking wheat in the heads and in the grain 
indicate that the glumes afford some protection against the entrance of 
water into the kernels by absorption, such as takes place in soaking 
grain. The entrance of water into the interior of the kernels seems to 
be by molecular diffusion as was discussed in the previous report 
(Swanson, 1943a). Thus a small rain at night, or one followed by cool, 
cloudy weather may have as much effect as a larger rain followed by 
sunshine. 

The data presented in this and the previous papers (Swanson, 1943, 
1943b) show that lowering of test weights due to rains on wheat in the 
field, does not decrease the flour yield, increase the ash, nor lower the 
baking value. Sprouting was not observed in these samples. The 
size of the rains, except for mechanical losses, is of less consequence 
than the duration of the period of wetness which allows the molecular 
diffusion of water into the kernels. The causes of the lowering of test 
weight, decrease in the vitreous condition, and increase in the mealy 
texture are the loosening of the bran layer and the disturbing of the 
structure and arrangements of the material in the interior of the kernels 
as has been explained in previous papers (Swanson, 1941, 1943a). 

These studies indicate that too much emphasis is placed on test 
weight in grading weathered wheat. This is of greater significance 
now because combining has become the prevailing method of harvest- 
ing wheat. The present grain grades were established when the grain 
binder was the common harvesting implement. Cutting could then 
be started when the grain had as much as 30 to 35% moisture. 

Wetting and drying the grain before it has become hard has com- 
paratively little effect on milling qualities. When the combine is used, 
the moisture should be about 13% and preferably less. Frequent 
rains on such wheat will lower the test weight with consequent de- 
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pression in grade. That the farmer who has weathered wheat is 
unduly penalized because major emphasis is placed on test weight in 
grading is clearly shown by the results of these investigations. These 
studies have indicated that the lowered wheat grades, due to rain, are 
not correspondingly reflected in decreased flour yields nor in baking 
values. 
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FACTORS WHICH INFLUENCE THE PHYSICAL PROPERTIES 

OF DOUGH. VI. EFFECT OF CYSTEINE AND SOME 
OTHER SUBSTANCES ON MIXOGRAM PATTERNS ^ 

C. O. Swanson and A. C. Andrews 

Kansas i\gricultural Experiment Station, Manhattan, Kansas 
(Presented at the Annual Meeting, May 1943; manuscript received for publication May 19, 1943) 

In a previous publication (Swanson, 1940, 1940a), it was shown that 
the pattern of curves or mixograms (Swanson and Johnson, 1943) was 
markedly influenced by dough rest periods as well as by the presence of 
cysteine monohydrochloride, the action of cysteine - being very vigor- 
ous. The main effect of cysteine was a shortening of the developing 
and the weakening periods as shown by steeper ascending and descend- 
ing slopes of the mixogram patterns. Swanson and Dines (1939) found 
that the addition of cysteine in the preparation of the doughball for 

1 Contribution No. 100, Department of Milling Industry, and No. 281, Department of Chemistry. 

® For brevity, cysteine monochloride wUlbe referred to as cysteine throughout this paper. 
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the wheat-meal time test notably shortened the time required for dis- 
integration to start and this was in direct proportion to the amount of 
cysteine added. In this respect the action of cysteine was similar to 
that of proteases (Swanson, 1939). 

The effects of glutathione and c^^steine on farinograms and baking 
were included in the studies by Sullivan, Howe, and Schmaiz (1936). 
Swanson and Andrews (1942, 1943) have shown that the presence of 
certain surface-active or wetting agents markedly lengthens the de- 
veloping and weakening periods. The wetting agents acted mostly, if 
not altogether, on the gluten materials as indicated by the characteris- 
tics of patterns obtained from mixtures of finely ground dry gluten and 
wheat starch. 

The three main objects of the present investigation were to compare 
the influence on mixogram patterns of (1) cysteine when used alone and 
in several combinations with the wetting agent, Aerosol OT (sodium 
dioctylsulfosuccinate), and with sodium chloride; (2) cysteine and hy- 
drogen sulfide, ethyl mercaptan, and isopropyl mercaptan; and (3) 
cysteine and cystin^ The effects of these agents were judged by the 
variations they produced in the mixogram patterns. 

Materials and Methods 

Tenmarq flour of 13.3% protein was used for all the mixograms. 
This flour had a fairly long period of mixing, and hence 'was suitable for 
use with substances which shorten this time. For each mixogram, 35 g 
of flour and 22 ml of water or solution of the various substances under 
investigation were employed. In placing the substances in the mixing 
bowl the most active ingredients were added last so that their time of 
contact with the flour would be nearly the same as the mixing period. 
The amounts of the various agents are given in the legends to the 
figures presenting the mixograms. 

Comparative baking tests were also made with Tenmarq and Chief- 
kan flour to determine the effects of Aerosol OT and cysteine on mixing 
time and loaf volume. 

Results 

Effects on Mixogram Patterns 

Cysteine in Combination with Aerosol OT. The opposite effects of 
cysteine and Aerosol OT are shown in the upper two lines of mixograms 
in Figure 1. Increasing amounts of cysteine shortened the time to 
reach minimum mobility from 3.5 minutes with water alone to 1.5 
minutes with 10 mg of cysteine. The increasing amounts of Aerosol 
OT lengthened the time to about 7 minutes. Since these two sub- 
stances influence the patterns in opposite directions, it would be ex- 
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pected that they would overcome each other's effects. The mixo- 
grams obtained with these two substances in conjunction (lines 3 , 4, 
and 5) show the various patterns possible. As cysteine was increased j 
more and more Aerosol OT was required to overcome the effects of the 
cysteine, and when 9 mg were used, even the larger amounts of Aerosol 
OT did not suffice. 



Fig. 1. Effect of cysteine. Aerosol OT, and combinations thereof on the mixogram pattern. 


Line 

Chemical added 

A 

B 

c 

D 

E 


G 



mg 

mg 

mg 

mg 

mg 

mg 

mg 

1 

Cysteine 

0 

2 

4 

6 

10 



2 

Aerosol OT | 


20 

40 

60 




31 

Cysteine + Aerosol OT 


34-0 

3+20 

3+40 

3+60 1 

3+80 

3+100 

41 



6+0 

6+20 

6+40 

6+60 

6+80 

6+100 

51' 

i 



9+0 

9+20 

9+40 

9+60 

9+80 

9+100 


1 1st figure in each column represents cysteine, 2nd figure represents Aerosol OT. 


Cysteine Alone and in Combination with Sodium Chloride, The 
presence of various salts in the wash water for gluten was shown by Dill 
and Alsberg (1924) to influence notably the yield of gluten. ' Sharp 
and Gortner (1924) found that as dough fermentation by yeast pro- 
gressed, it became more and more difficult to wash gluten from dough 
with distilled water, but with 1% sodium chloride solution as much 
gluten was obtained after 8 hours fermentation as from unfermented 
dough. 

The stiffening effect of sodium chloride on dough is shown in the 
upper line of mixograms in Figure 2; the more salt that is used, the 
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greater the effect. When sodium chloride was combined with cysteine 
(lines 2 , 3^ and 4) the stiffening effects were still apparent, but unlike 
Aerosol OT (Fig. 1) there were no increases in the time required to 
reach minimum mobility. The patterns in Figures 1 and 2 show that 
although the effects of both sodium chloride and Aerosol OT persist in 
the presence of cysteine, their actions are different. This stiffening 
effect is apparently due to a change in the character of the winter caused 



Fig. 2 . Effect of cysteine in combination with sodium chloride on the mixogram pattern. Mixo- 
^ams were made at constant absorption and also at augmented absorptions in proportion to the quan- 
tity of sodium chloride added. For comparative purposes, mixograms are shown for flour-water and 
flour-water-sucrose mixtures. 


Line 

I 

Volume of solution constant 


Water increment 1.5 ml per 0.35 g NaCI 

A 

B 

C 

D 

E 

F 

G 

H 

I 

P 

21 

0+0 

0 + 0.35 

3 + 0.0 

0 + 0.70 

3 + 0.35 

0 + 1.05 

3 + 0.70 

3 + 1.05 

0 + 0.35 
3 + 0.0 

0 + 0.70 

3 + 0.35 

0 + 1.05 

3 + 0.701 

3 + 1.05 

31 


6 + 0.0 

6 + 0 . 3 S 

6 + 0.70 

6 + 1.05 

6 + 0.0 

6 + 0.35 

6 + 0.70 

6 + 1.05 

41 


9 + 0.0 

9 + 0.35 

9 + 0.70 

9 + 1.05 

9 + 0.0 

9 + 0.35 

9 + 0.70 

9 + 1.05 

52 

0.70 

1.40 

2.1 




23.5 

25 

26.5 


1 In lines 1 to 4 inclusive, first fig:ure in each column represents mg cysteine, second figure represents 
g NaCL 

» Figures in Columns A, B, C represent grams sucrose. Figures in columns G, H, I represent ml 
water alone. 


by a possible appropriation of the water by the ions from the sodium 
chloride. This is indicated in the patterns to the right. The addition 
of 1.5 ml of water for each 0.35 g of sodium chloride does not reduce 
the pattern heights, but with the slacker dough more and more time is 
needed to reach the peak. This stiffening or increase in plasticity 
appears to result from the binding of the water molecules to the ions 
from sodium chloride. With sodium chloride the plasticity is much 
decreased as can be seen by the decreased heights of the last three 
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patterns on line 5. In contrast to sodium chloride, sucrose has appar- 
ently little effect on plasticity. 

Sulfhydryl Com pounds. The powerful action of cysteine upon 
dough would seem to indicate that the cysteine molecule, has a struc- 
tural group peculiarly active in. effecting changes in the protein. Of 
the various groups in the cysteine molecule the -SH group would seem 
to be of the most importance in causing these changes. Three other 
substances, hydrogen sulfide, ethyl mercaptan, and isopropyl mer- 
captan, which contain such groups, were used in this study. 

The effects of the presence of -SH groups on flour and dough 
properties have been studied by Balls and Hale (1936, 1936a) and by 
Sullivan, Howe, and Schmalz (1936). Ziegler (1940, 1940a, 1940b), as 
well as others, has included glutathione in his studies of the changes 
which take place in dough. 

The mixograms in line 1 of Figure 3 indicate that cysteine acts 
principally on the gluten proteins. Gluten was prepared from the 
Teiimarq flour used for the previous mixograms and blended with 
wheat starch, employing the method of Swanson and Andrews (1943). 
The protein content of this gluten was 77.5% on the air-dry basis, 
which indicates that considerable amounts of nongluten substances 
were present. Their influence was probably not important, as pre- 
liminary trials indicated that 8 g of air-dry gluten, finely ground, 27 g 
commercial wheat starch,® and 25 ml of water would give mixograms 
similar to those obtained from flour alone. This is shown by A in 
line 1. The effects of increasing amounts of cysteine are shown in the 
other mixograms in this line. 

Cysteine is related to cystine by the union of two cysteine molecules 
through a disulfide linkage. Increasing amounts of a 5% solution of 
cystine in dilute HCl (line 2) do not show effects comparable to those 
of cysteine. The mixograms in line 3 were made with increasing 
amounts of l.OiY HCl and the patterns obtained show a strong simi- 
larity to those in line 2. This indicates that the small effect from 
cystine was due to the HCl used as a solvent. 

The mixogram patterns obtained with saturated aqueous solutions 
of hydrogen sulfide, ethyl mercaptan, and isopropyl mercaptan shown 
in Figure 3 strongly resemble those obtained with cysteine (Figs. 1 
and 2). These results indicate that the -SH group, which is common 
to these different substances, is the main causative agent in influencing 
the mixogram patterns. A few trials made with Na2S*9H20 gave 

similar, pa tterns. 


® This starch was furnished by the Huron Mining Cp.. Huron, Michigan, 
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Effects on Baking 

Only a few trials have been made on the effects of a wetting agent 
and cysteine on baking results. The loaves in Figure 4 which were 
baked by a rich formula containing dry milk and shortening show some 
possibilities.^^ The addition of 200 mg of Aerosol OT per loaf (100 g 



flour) approximately doubled the mixing time for doughs prepared from 
both Tenmarq and Chiefkan flours, whereas the addition of 8 mg of 
cysteine per 100 g of Tenmarq flour reduced the mixing time to 2.0 
minutes, as compared with 3.4 minutes for the control 

The loaves containing Aerosol OT and cysteine are equal to the 
checks. Thus, decreasing the mixing time of Tenmarq with cysteine 

4 The authors are indebted to Mr. John A, Johnson, Assistant Baking Technologist, for making 
the baking tests. . 
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and increasing that of Chiefkan with Aerosol OT resulted in as good 
volume and texture as when these substances were not present. This 
indicates the possibilities of altering the mixing time and still obtaining 
good bread. Use of cysteine and Aerosol OT in baking is being in- 
vestigated further. 



Fig. 4. Typical loaves, showing the effect of cysteine and Aerosol OT on baking properties of flour. 


Loaf No. 

Treatment 

Mixing time 

Loaf volume 



min 

cc 

1 

Check, Tenmarq (13.3% protein) 

3.4 

930 

2 

200 mg Aerosol OT 

6.4 

928 

3 

Check, Chiefkan (13.0% protein) 

1.7 

728 

4 

200 mg Aerosol OT 

3.5 

778 

5 

8 mg cysteine 

2.0 

933 


Discussion 

In evaluating the magnitude of the opposite influence of Aerosol OT 
and cysteine on mixogram patterns, it becomes apparent that the effects 
are proportional to the molecular concentration of these substances. 
The concentrations were adjusted to procure pen swings of comparable 
magnitude and similar shape. The amounts thus used, as indicated in 
the figure legends, seem to bear little relationship until calculated on the 
molecular basis. As the molecular weight of Aerosol OT is about 3.7 
times that of cysteine, it would require approximately 3.7 times the 
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weight of Aerosol OT to produce the equivalent effect of cysteine if each 
were of equal potency in their action upon dough. 

Sodium chloride increases the dough stiffness, as shown by the 
increased mixogram heights, but the stiffening effects were naturally 
much less when the water was increased by 1.5 ml for each 0.35 g of 
sodium chloride used. Sodium chloride also tends to minimize the 
effects of cysteine. That the action of cysteine results from the -SH 
group is indicated by the similar effects obtained with hydrogen sulfide, 
ethyl mercaptan, and isopropyl mercaptan, all of which contain -SH 
groups. 

Certain selected mercaptan patterns could be exactly superimposed 
upon certain cysteine patterns. The same was true for hydrogen 
sulfide. Since no alteration in curve pattern was obtained with the 
addition of cystine, it seems that the -SH group, rather than the -NH 2 
or -COOH group, is the one which is active in altering dough charac- 
teristics. 

The main effects of cysteine and of the substances which had similar 
results on the mixogram patterns are shown in steeper slopes; the 
heights are not greatly decreased. This indicates that the water makes 
contact with the gluten more quickly. But as soon as the dough has 
attained its maximum stiffness, weakening or slackening starts and 
proceeds at a much faster rate than for a corresponding flour- water 
dough. The behavior on the downslope suggests that the amounts of 
free water in the dough begin to increase as soon as the peak is passed, 
and this process gradually continues, as shown by the progressive 
slackening of the dough. The addition of cysteine to Tenmarq pro- 
duced a mixogram similar to that for Chiefkan flour-water dough. 

The counteracting effects of sodium chloride when used with cys- 
teine may be due to an association of the polar water molecules with 
the ions from sodium chloride, producing ion hydration (Gortner, 1938). 
The more water molecules which are thus associated, the fewer there 
are which are free in the water films to influence dough mobility. 
The degree of mobility of the dough results from the varying freedom 
of the water molecules in the layers of water which cover the gluten 
strands or the starch granules. The thicker these layers, as related 
to the water absorption, the greater the mobility of the dough. Work- 
ers in this laboratory have found that increases in absorption will 
decrease the heights of mixograms but increase the time required to 
reach minimum mobility. This increased mobility has also been ob- 
served when sodium chloride is used and the amount of water is 
increased. 

The stiffening action of sodium chloride upon dough seems to indi- 
cate a salting-out effect upon the protein. As the proteins become 
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salted out, they tend to lose their own water of hydration to the stronger 
hydration forces around the ions from the sodium chloride (Debye, 
1927). Thus the protein strands seem to behave as though separated 
by water layers which have less freedom of molecular movement and 
the protein itself seems to become less highly hydrated and to stiffen. 

Summaiy 

Mixogram patterns can be markedly changed by the use of certain 
substances. Cysteine decreases the time to reach minimum mobility, 
while Aerosol OT (sodium dioctylsulfosuccinate) produces opposite 
results. Thus, by a suitable choice of the amounts of these reagents, 
the time factor in the mixogram pattern may be made longer or 
shorter. 

Sodium chloride has a stiffening effect on the dough, as indicated 
by increased heights of the mixograms, and this action persists in the 
presence of cysteine. This stiffening effect was minimized by increas- 
ing the water by 1.5 ml for each 0.35 g of sodium chloride added. 

Other substances containing -SH groups, such as hydrogen sulfide, 
ethyl mercaptan, and isopropyl mercaptan, influenced the mixogram 
pattern in a manner similar to cysteine. This indicates that the -SH 
group in cysteine is the main cause of its action on dough. 

The few results obtained in baking indicated that the presence of 
cysteine or Aerosol OT, in the amounts used, had no deleterious 
effects on loaf volume or texture. 
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EFFECT OF HYDROCYANIC ACID ON THE BAKING 
QUALITY OF FLOUR 

H, D. Young ^ and E. G. Bayfield ^ 

(Received for publication November 4, 1943} 

The extensive use of hydrocyanic acid as a fumigant for flour makes 
the question of its retention by that material one of great importance. 
Marchadier et al (1921) reported finding 82 ppm of hydrocyanic acid 
in flour and stated that food prepared from this flour tasted of cherry 
laurel. 

d-riffin et al (1923), using sodium cyanide and the pot method of 
generation in dosages of from 1 to 6 oz per 100 cu ft of space, found up 
to 200 ppm of hydrocyanic acid in flour immediately after fumigation. 
However, after 4 days’ storage in a large, well-ventilated room at 
70®F practically all the hydrocyanic acid had left the flour. 

Moucka (1936) fumigated wheat and rye flour for 48 hours with 1% 
of hydrocyanic acid gas by volume. Immediately after treatment the 
wheat flour showed 3-4 ppm, the rye flour 7-9 ppm. After 24 hours' 
aeration both were completely free from hydrocyanic acid. 

Dean and Swanson (1911) published on the effect of common mill 
fumigants on the Baking qualities of wheat flour. They fumigated 
three grades of harci^winter wheat flour and four grades of soft winter 
wheat flour with hydrocyanic acid generated from potassium cyanide at 
the rate of 1 Ib per 1000 cu ft of space for 12 hours at 90°F. Baking 

1 Associate Chemist, Bureau of Entomology and Plant Quarantine, Agricultural Research Ad- 
ministration, U. S. Department of Agriculture. . , ' ^ ^ . 

2 Head. Department of Milling Industry, Kansas Agricultural Expenment Station. Contribution 
No. 106. ■ , 
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tests were made immediately after fumigation, repeated 2 or 3 days 
later, and again repeated after intervals of 30 and 60 days. They 
conclude, “An examination of the tables and plates will show that the 
effects of fumigation are so small as to be negligible. It is only in the 
careful measurements employed in the test that any difference between 
the fumigated and unfumigated flour is apparent at all. The only 
notable difference appears in the maximum volume of the dough in the 
test made immediately after the fumigation, but not after 30 days. 
The finished loaf shows no deleterious effect from fumigation in any of 
the tests.” 

Very little work has been reported in the literature on the effect of 
hydrocyanic acid on the baking quality of flour. The results reported 
at this time are limited but it appeared that they would be of interest 
to handlers of food products. Increased emphasis is now placed upon 
freedom of such products from insect life. 

Experimental 

The first experiments were conducted with a prepared ginger-cake 
flour. This flour was packed in 12-oz cartons and wrapped in cello- 
phane. The packaged flour was fumigated in a vacuum vault of 
2550-cu ft capacity for 18 hours with a total dosage of 5 lb of liquid 
hydrocyanic acid and a vacuum of 26 inches. 

Immediately after the vault was unloaded a package was emptied 
into a glass jar and sealed. As soon as possible it was analyzed for the 
hydrocyanic acid retained. The hydrocyanic acid was determined by 
distilling it from a 20-g sample of flour to which 1 g of tartartic acid 
had been added. The HCN in the distillate was titrated with silver 
nitrate by the well-known Liebig method. Other samples were taken 
at 24-hour intervals for analysis from packages stored in the warehouse. 
Figure 1 presents the data for these analyses. All results are based on 
two closely agreeing analyses. The high initial concentration and the 
rapid loss of hydrocyanic acid are very interesting. The entire pack- 
age at the highest concentration would contain 0.05 g of hydrocyanic 
acid. According to the figure given by Gettler and Baine (1938) as 
to the minimum lethal dosage (MLD) of hydrocyanic acid this would 
be about one-half the MLD for an adult. 

Samples of the prepared ginger-cake flour werp taken from the 
carton sealed immediately after the fumigation and baked. The cpke 
was analyzed for hydrocyanic acid, but none was found. The rest of 
the cake was eaten by the laboratory staff with no ill effects. 

Reports have reached the writers lately of difficulty experienced by 
bakers using recently fumigated flour. In order to determine what 
interval of time must elapse between fumigation and the complete loss 
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of hydrocyanic acid the following work was undertaken: A 48-lb bag 
of patent flour was fumigated for 24 hours in a vault at normal atmos- 
pheric pressure with a dosage of 2.25 oz of liquid hydrocyanic acid per 
1000 cu ft of space. This low dosage was adopted so that the single 
bag used would absorb approximately the same quantity as would one 
of a warehousefui during a normal fumigation. Immediately on its 



removal from the vault the bag of flour was sampled, and other samples 
were taken at 24-hour intervals thereafter. The results are represented 
in Figure 2. The samples were baked using 3% shortening superim- 
posed upon the lean formula and procedure described in detail by 
Johnson, Swanson, and Bayfield (1943). Results are presented in 
Table L 

The volume of the loaf may be seen to have been definitely de- 
pressed in the sample taken immediately after fumigation, amounting 
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to about 11% of the check. After 24 hours the volume was still 
somewhat depressed. The differences shown by the 48- and 72-hour 
samples are not significant. No odor of hydrocyanic acid could be 


TABLE I 

Baking Results after Fumigation with Hydrogen Cyanide^ 


Aeration 

Mi.xing time 

1 

Loaf volume 

1 

! 

Crumb color - 

Crumb grain 
and 

texture ® 

hours 

min 

i 

cc 



0 

2,0 

888 

82 cy 

80-O 

. 24 

2.5 

945 

85'Gy ■ i 

83-0 

■ 48 

' 2.7 

990 

87 cw 

87-0 

72 ■ ' 

■ . 3.3 

1015 

87 cw 1 

85-0 

Check , , 

L . 3.5 

1000 i 

87 cw j 

85-0 


1 Flour protein 12% (15% moisture basis), moisture 10.9%, absorption <58%. Results are averages 
of three fumigations. /"'i' . 

3 Cy — creamy yellow; cw == creamy white. 

= open grain. 
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detected in the baked loaves. Since this odor test is very sensitive, no 
analysis of the baked loaves was deemed necessary. 

The difference in volume of the baked loaves, as shown in Figure 3, 
is readily observable. The consistency of the dough made from the 



Immediately after 24 hours 48 hours 72 hours Check 

fumigation later later later 

Fig. 3. Loaves of bread baked from fumigated flour at various intervals after fumigation with 

hydrogen cyanide. 

different flours is shown in the ‘Tnixograms” presented in Figure 4, 
The nature of these recordings is completely described by Swanson 
and Johnson (1943). Briefly, they are graphs or curves made by a 
recording dough mixer known as a mixograph. Each graph constitutes 



Immediately after 24 hours 48 hours 72 hours Check 

fumigation later later later 

Fig. 4. Mixograms of fumigated flour, at various intervals after fumigation with hydrogen cyanide. 


a record of the behavior of a dough during mixing and development by 
mechanical action. This record includes the rate of dough develop- 
ment, the maximum stiffness or resistance at complete mixing or 
minimum mobility, the tolerance or sensitiveness to mixing, and the 
rate of break-down or increase in mobility. Each vertical line on the 
mixograms represents an interval of approximately 1 minute. It may 
be seen from these curves that the effect of the hydrocyanic acid is 
directly on the flour, since they were obtained on the flour and water 
alone. These curves show a reduction in mixing time and a tendency 
toward increased slackness in the dough due to absorbed fumigant. 

This work indicates that a baker about to have his warehouse fumi- 
gated should hold out enough unfumigated flour to last him for 3 days" 
baking to avoid trouble from the absorbed fumigant. It is likely that 
the HCN residue would not be lost so rapidly from a stack of bagged 
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flour as from a single sack as used in these tests. Therefore, fumigated 
flour should be thoroughly aerated before it is used in baking. 

Summary 

Hydrocyanic acid when used as a flour fumigant produces an ap- 
preciable and detrimental influence upon the bread baking quality. 
This effect is not apparent after thorough aeration of the flour. 
Ginger cake from freshly fumigated flour was free of fumigant. 
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NICOTINIC ACID IN PRODUCTS OF COMMERCIAL RICE 
MILLING AND IN RICE VARIETIES^ 

M. C. Kik and Floy B. Van LandinCham ^ 

Agricultural Chemistry Department, University of Arkansas, Fayetteville, Arkansas 
(Received for publication January 6, 1944) 

In previous communications (Kik, 1943; Kik and Van Landingham, 

’ 1943) studies were reported on thiamine and riboflavin in products of 
commercial rice milling and in rice varieties. This investigation deals 
with the nicotinic acid content of these products. In addition, samples 
I of parboiled and undermilled rice have been tested. 

I The nicotinie acid content of wild rice has been reported by Nelson 
i and Palmer (1942), and Williams, Knox, and Fieger (1943) recently 

1 Research paper No. 781, Jouraal Series, University of Arkansas. Published with the approval 
of the Director of the Arkansas Experiment Station, Aided by a grant from the Williams- Waterman 
Fund of the' Research Corporation. 

» Resigned, . 
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published a study of the vitamin B-complex factors in rice and its 
milled products. 

The essential steps in milling, description of the main products and 
by-products, and the methods employed in obtaining representative 
samples were described in our previous papers. Nicotinic acid was 
determined by the colorimetric method of Melnick (1942) ; the analyses 
were made in duplicate, employing 1.0 g samples of the main products 
and 250 mg of the by-products. As a test of the suitability of the 
colorimetric method, the samples of whole brown rice employed in 
this study were submitted to another laboratory for microbiological 

TABLE I 

Nicotinic Acid in Products of Commercial Rice Milling ^ 



Variety2 and mill lot 

Products 

Supreme 

Blue Rose 

Early 

Prolific 

For- 

tima 

Lady 

Wright 

Im- 

proved 

Blue 

Rose^ 

Mean 


551 

606 

569 

663 

635 

768 

778 



Nicotinic Acid 

Content (dry matter basis) 


tiSjg 

iiSig 

ailg 

figii 

i^ili 



iiili 

Paddy or rough rice 

49.8 

49.8 

48.5 

47.7 

46.4 

55.4 

47.3 

49.2 

From milling or bleaching 









process: 

Whole brown rice® 

57.4 

56.4 

51.2 

52.8 

49.2 

64.7 

54.3 

55.1 

First break huller rice 

25.0 

25.2 

22.8 

21.2 

22.3 

24.6 

24.9 

23.7 

Second break huller rice 

24.5 

23.3 

21.6 

20.9 

21.4 

20.2 

24.8 

22.4 

■ Pearling cone rice 

24.0 

23.0 

21.0 

20.7 

3 

3 

24.4 

22.6 

Brush rice 

22.0 

21.0 

20.7 

20.3 

17.4 

20.0 

22.0 

20.4 

Finished, clean, polished 









rice: 

Head rice 

18.9 

17.5 

20.0 

19.7 

15.6 

19.5 

18.0 

18.4 

Second head rice 

17.2 

16.5 

19.5 

19.1 

15.5 

18.9 

15.6 

17.7 

Screenings 

Brewers’ rice 

24.4 

23.2 

24.3 

25.1 

22.8 

24.1 

22.6 

23.8 

39.5 

37.8 

34.4 

35.0 

34.9 

37.1 

33.9 

36.1 

Rice by-products: 

Hulls 

First break bran 

16.9 

320.0 

17.3 

338.0 

17.0 

340.8 

17.9 

358.2 

25.1 

315.1 

22.1 

303.2 

349.0 

33231^ 

Second break bran 

306,0 

316.0 

259.5 

265.1 

283.1 

262.8 

311.7 

286.3 

Pearling cone polish 
Brush polish 

408.0 

384.4 

412.0 

368.0 

359.0 

269.4 

,347.5' 

232.3 

3 

206.6 

3 

296.0 

312.5 

275.9 

367.8 

290,4 


1 Obtained from one mill through the courtesy of the Walton Mill, Inc.. Stuttgart, Arka^^^ 

2 All varieties are from fields which were not fertilized and were irrigated by well water. 

3 Pearling cones are not used in long grain varieties. 

> vXs we obtained by John S. Andrews, 53 3® 

Inc for the same samples of whole brown rice tested by the microbiological method. 57.1, 55.1, 53.5. 
47?3’fi3.S%8!4,^ndS0.0. Average 53 .5 ftg/g. These values are m good agreement with those obtained 
by the coiorimetric method. 
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assay.® For these assays the method described x\ndrews, Boyd, 
and Gortner (1942) was used. 


Results 

Table I shows that on the dry basis rough rice contained an average 
of 49.2 /xg/g of nicotinic acid, while brown rice contained 55.1 or 
slightly more than rough rice. An average of 53.5 /xg was obtained 
for the same samples of whole brown rice, using the microbiological 
method, thus confirming the validity of the colorimetric method for 
the determination of nicotinic acid in these samples. 

The decrease in mean percentage of nicotinic acid in converting 
brown rice to head rice amounted to 66.4%. These decreases for 
individual varieties ranged from 60.9% for Early Prolific to 70.0% 
for Lady Wright. 


TABLE II 


Nicotinic Acid Content of Milled Parboiled and Milled Nonparboiled 
Rice, Milled and Undermilled Rice 


Variety 

Nicotinic acid content (dry matter basis) for stated treatment 

Milled, 

parboiled 

Milled, 
not parboiled 

Under- 

mined 

Milled 

Nira^ 

fig/g 

figig 

f^g/g ; 

figig 

49.0 . 




Nira^' . 


20.6 




Caloro^ 

45.2 




Caloro^ 1 


18.5 ; 




Indian® 

45.0 




Lady Wright® 




; 26.2 


Lady Wright® 

— 




19.5 

Supreme Blue Rose® 

— 



26.6 


Supreme Blue Rose® 

— 

— 


18.9 


Obtained through the courtesy of C. R. Adair, Associate Agronomist. U. S. Department of 
Agricidture, Bureau of Plant Industry. Rice Branch Experiment Station. Stuttgart, Arkansas 
Califond?^^^^ through the courtesy of the Rice Growers Association of California, Sacramento, 

Arkansas the courtesy of the Arkansas Rice Growers Cooperative Association. Stuttgart, 


The results of assays of a few samples of parboiled and undermiiled 
rice are shown in Table 11, and indicate that the nicotinic acid content 
of milled parboiled rice is considerably higher than that of milled non- 
parboiled rice. A sample of milled parboiled rice of the Nira variety 
contained 49.0 Axg/g and a sample of milled parboiled California rice 
(Caloro variety) had 45.2 /xg/g compared with an average of 18.5 /xg/g 
for ordinary milled rices (Table I). 

The nicotinic acid content of undermilled rice is higher than that 
of ordinary mille d rice. An undermiiled sample of Lady Wright con- 

S. Andrews, Research Department, General Mills, Inc., MinneaDolis Minne- 
sota, for the Microbiological Assays of these samples. ■^Aiiueapous, iviinne- 
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tained 26.2 ixg/g compared with 19.5 jug/g for a representative sample 
of milled rice. 

Samples of 18 varieties of rough rice or paddy, obtained from the 
main rice-producing states, Arkansas, Louisiana, Texas, and California, 
were tested for their nicotinic acid content with the results shown in 
Table IIL 

TABLE III 

Nicotinic Acid Content of Different Varieties of Paddy or Rough Rice 
Grown in Arkansas, Louisiana, Texas, and California (1941 Harvest) 


Nicotinic acid content (dry matter basis) 



Arkansas! 

Louisiana^ 

Texas^ 

California! 


t^gfg 

P-ilg 

Mfg 

mig 

Early Prolific 

47.8 

39,3 

46.3 

40.0 

Caloro 

46.0 

49.6 

52.6 

— 

Arkrose 

55.7 

48.6 

— 

— 

Acadia 

40.0 

41.3 

— 

— 

Prelude 

41.5 

43.2 

— 

— 

Supreme Blue Rose 

46.0 

— 

— 

— 

Improved Blue Rose 

— 

50.1 

— 

: — 

Blue Rose 

— 

— 

46.5 

— 

Blue Rose 

— 

— 

40.6 

— 

Blue Rose 

— 

— 

44.2 

— 

Lady Wright 

43.0 

41.0 

— 

45.0 

Nira 

40.0 

45.1 

47.0 

46.7 

Arkansas-Fortuna 

52.1 

46.6 

— 

— 

Zenith 

53.3 

56.8 

52.0 

48.6 

Japan 

— 

— 

52.4 

— 

Japan 

— 

— 1 

46.8 

— 

Rexora 

— 

— 

55.9 


Rexora 

— 

! 

54.7 

— 

Fortuna 

— 

— 

59.0 

— 

Fortuna 

— 

— 

51.1 

— 

Calady 

— 

— 

— 

40.7 

Calady 40 

— 

— 

— 

43.4 

Colusa 

■ — 

. 

— , 

52.3 

Average 

46.5 

46.1 

49.9 

45.2 


1 From Rice Branch Experiment Station, Stuttgart, Arkansas, 

2 From Rice Branch Experiment Station, Crowley, Louisiana. 

3 From Rice Grading Service, American Rice Growers’ Cooperative Association, Beaumont, Texas. 
^ From Rice Experiment Station, Biggs, California. 


The average nicotinic content of all varieties was 46.5 
highest content (59.0) was found in a sample of Fortuna grown in 
California, and the lowest (39.3) was from a sample of Early Prolific 
grown in Louisiana. Small differences were found in the nicotinic 
acid content of varieties grown at the same location which indicates 
that varieties differ somewhat in their nicotinic acid content. 

The apparent effect of locality on the niGotinic acid content is small. 
Early Prolific from four states showed similar nicotinic acid content; 
in Arkansas 47.8, Louisiana 39.3, Texas 46.3, and Galifornia 40.0. 
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Blue Rose grown in Texas in three different localities had a nicotinic 
acid content of 46.5, 40.6, and 44.2. Similar observations were made 
on the nicotinic acid content of the varieties Caloro, Lady Wright, 
Nira, and Zenith. 

Summary 

The nicotinic acid content of products of commercial rice milling 
and of rice varieties has been determined. The average for paddy 
or rough rice and for whole brown rice was 49.2 jug/g and 55.1 /xg/g 
respectively. 

Of the finished, clean products, the end product, head rice (sold for 
human consumption), contained an average of 18.4 jig and second head 
17,7 jug/g of dry matter. An average of 66.4% of nicotinic acid was 
removed during the milling process. 

Screenings and brewers’ rice contained 23.8 and 36.1 jug nicotinic 
acid respectivel}^ 

Of the by-products, hulls contained 18.6 figlg, bran from 262.8 to 
358.2 Mg/g, and rice polish 206.6 to 408.0 ng/g of nicotinic acid. ^ Three 
samples of milled parboiled rice (prepared in three different localities) 
contained 49.0, 45.2, and 45.0 ng of nicotinic acid per gram of dry 
material Two samples of undermilled rice contained 26.2 and 26.6 
Mg, compared with 19.5 Mg and 18.9 Mg/g ia the milled rice. 

The average nicotinic acid content of all varieties (rough rice) was 
46.5 Mg/g. 

The nicotinic acid content of rice differed with variety and to a 
small extent with locality. 
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In the application to experiments of the principles of statistics, 
there is no clear line of demarcation between design and analysis. In 
order to think clearly about the design of a particular experiment it is 
necessary to have in mind the method of analysis that is to be used. 
Similarly, a study of different methods of analysis will suggest different 
designs. It is with this point in mind that certain suggestions are made ,,, 
in this paper that may be of value to experimentalists in cereal chemistry. 

The intimate relation between experimental design and method of 
analysis is well illustrated by examples in which the end results are to 
be expressed in terms of correlation and regression. It is perhaps too 
frequently assumed that, in order to determine such relationships with 
a reasonable degree of accuracy, it is necessary to have a fairly large 
number of pairs of values in a homogeneous population. In order to 
illustrate this point, let us suppose that we are to determine the relation 
between the total nitrogen content of barley and the saccharifying 
activity of the malt extract expressed in degrees Lintner. In order to 
obtain a reliable measure of a correlation it is true that we should have 
a fairly large number of pairs of values, but it is not true that we must 
obtain these values from one variety or all from samples grown in one 
area. Methods of analysis are now available that enable us to group 
the results for a series of varieties and for samples of these varieties 
obtained in several areas. As a matter of fact, any determination of 
the correlation from one variety or from samples grown under a limited 
range of environmental conditions may be a pure waste of time. If 
different varieties give different correlations, it is perfectly clear that 
an experiment with one variety will not answer the question. Further , 
it seems quite possible that if the samples are all grown under conditions 
that give a uniform protein level, the relation determined may not be 
representative of the relation that actually exists in samples grown 

■ 159 , ■ 
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under a wide range of climatic and soil conditions and giving a wide 
range of protein levels. 

The same general principles should be kept in mind in almost any 
experiment. The correlation between protein and loaf volume might 
well be studied under different baking conditions, with different formu- 
las, with different levels of the ingredients of the mix, and with different 
time elements entering into parts of the procedure. It is not desirable 
to include too many factors, as the experiment may become huge, 
unwieldy, and extremely complex; but it is always worth while to 
make a careful study of the various factors that might affect the results, 
and plan to vary at least those factors that are known from general 
experience to be important. 

Experiments with more than one factor at different levels are 
usually referred to as factorial experiments. A great deal has been 
written on such experiments, especially in connection with field plot 
trials, and a considerable number of them may be found described in 
the literature of cereal chemistry. However, when two or more vari- 
ables are involved in the study which otherwise is essentially similar to 
the factorial experiment, there is apparently a more limited knowledge 
with respect to appropriate methods of analysis. The procedure is 
generally known as the covariance analysis. One of the objects of this 
paper is to present this method by means of examples taken from cereal 
chemistry, and to illustrate where possible how a knowledge of the 
method may have a bearing on experimental design. 

Covariance Analysis 

The covariance technique is well illustrated in a study conducted 
by Anderson et al (1939) on the correlation between total nitrogen and 
saccharifying activity of the malt extracts for 12 varieties of barley 
grown at 12 stations distributed across Canada. The 12 varieties 
were those most commonly grown in Canada, and there was at least 
one station in each of the important barley-growing districts. 

The experiment provided 144 pairs of values of the two variables. 
If these are set up in the form of a scatter diagram, the scatter is con- 
siderable and does not indicate a very high value of the correlation 
coefficient. The actual value is 0.694. However, the material is very 
heterogeneous; and since part of the scatter may be due to this hetero- 
geneity, the next step in the procedure is to determine the correlations 
for those components of the experiment that can be considered homo- 
geneous. For example, we can determine a correlation coefficient for 
each variety, for the variety means, for the station means, or for all 
varieties combined after eliminating the effect of variety means and 
station means. The correlation coefficients determined for each va^ 
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riety will be expected to show a good deal of variability^ especially 
since they will be determined from only 12 pairs of values. It will 'be 
important, therefore, to make a test of the variation in these correla- 
tions, The procedures are illustrated below. 

In the first place, we carry out the calculations necessary for setting 
up a preliminary analysis of covariance table, from which we can calcu- 
late some of the correlation and regression coefficients. These data 
are summarized in Table I, in which total nitrogen is represented b^^ s: 

TABLE I 

Preliminary Analysis of Covariance 




^(xy) 

S(y2) 

DF 

Re- 

gres- 

sion 

Residual 

DF 

rxy 

hyx 

Stations 

18.1587 ! 

22.4636 

30.1980 

11 

27.7891 

2.4089 

10’ 

.959 

1.2371 

Varieties 

0.8672 ' 

-0.09620 

19.2276 

11 

0.0107 i 

19.2169 ! 

10 

-.024 

-0.1109 

Error 

1.1296 

1.4189 

8.8040 

121 

1.7823 

7.0217 i 

120 

.450 

1.2561 


and saccharifying activity by y\ x and y are measured in terms of 
deviations from their respective means, that is, in the table, == 
Sxy = S(x — x){y ~ y), and S(y^) = 2(y ~ The 

sums of squares and y are calculated as in the analysis of variance. 
The sums of products are calculated by an exactly analogous procedure. 
For example, the sum of products for stations is obtained by multi- 
plying corresponding station totals for jc and y and summing. This 
sum is divided by 12, the number of individual determinations entering 
into each total, and the correction term is found by multiplying the 
totals for X and y and dividing by 144. 

The degrees of freedom in the 5th column represent the sums of 
squares of .v and y. In the column headed ‘degression” we have that 
portion of the sum of squares of y that is accounted for by the linear 
regression. It is most easily calculated from [2(xy) the values 

of S(xy) and being taken from the same line. From the sets of 
sums of squares and products we can calculate the correlation and 
regression coefficients. Thus — 


Z(xy) 


and 


21 (xy) 
““ 2(x2) 


The “residual” is obtained by subtracting the sum of squares for re- 
gression from the sum of squares for y in the same line. Since each 
regression sum of squares represents one degree of freedom, the degrees 
of freedom given in the 8th column of the table are in all cases one less 
than the degrees of freedom for the original sums of squares of y. 
It is not necessary to calculate the 6th, 7th, and 8th columns in order 
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to determine the correlation and regression coefficients, but these 
columns are necessary for certain tests that we may wish to apply. 

The most striking feature of the analysis so far is the wide differences 
between the correlations for the station means and the variety means. 
Also, there is an evident relation between the total nitrogen and sac- 
charifying activity as the total nitrogen changes from station to station. 
Although the station correlation is represented by only 10 degrees of 
freedom, it is highly significant. The variety correlation is quite 
insignificant. This indicates that genetic factors that cause differences 
between the varieties in the total nitrogen content of the grain do not 
have a corresponding effect on the saccharifying activity of the malt 
extract. This is an excellent example of the heterogeneity of the' 
covariance and illustrates clearly the necessity for the separation of 
the total covariance into its component parts. 

The next point to clear up in this study is the variation in the 
regressions for individual varieties. We know that when the varieties 
are considered as a group, the correlation between the two variables 
is high. This is indicated by the value of the coefficient for the 
station means. This correlation may be significantly higher for some 
varieties than for others, and this will be important information for us 
to have in evaluati'ng the varieties. A test of the significance of the 
heterogeneity of the variety regressions can be carried out very easily 
by means of an extension of the covariance analysis. 

The first step is to calculate the sums of squares and products for 
each variety. These are given in Table II. ■ 


TABLE II 

Analysis of Covariance for Testing Heterogeneity of Variety Regressions 


Variety 

S(xS) 

S ( xy ) 

SCyS) 

DF 

Regression 

Residual 

DF 

1 

1-1498 

1.7903 

2.9745 

11 

2.7876 

0.1869 

10 

2 

1.8104 

0.9613 

0.8930 

11 

0.5104 

0.3826 

10 

3 

1.6141 

1.8985 

3.9864 

11 

2.2330 

1.7534 

10 

4 . 

1.2609 

1.9195 

3.2895 

11 

2.9221 

0.3674 

10 

5 

1.5873 

1.7014 

2.1109 

11 

1,8237 

0.2872 

10 

6 

1.7591 

2.6461 

4.6605 

11 

3.9804 

0.6801 

10 

7 

1.6923 

2.7206 

4.7231 

11 

4.3737 

0.3494 

10 

8 

1.8202 

2.9503 

5,1203 

' -i 

4.7820 

0.3383 

10 

9 

1.7302 

1.5772 

1.7513 

11 

1.4377 

0.3136 

10 

!0 ■. 

2.0446 

3,4896 

6.6857 

11 

5.9558 

0.7299 

10 

il 

L3582 

L1139 

1.5959 

11 

0.9135 

0.6824 

10 

12 

1.4622 

1 1 . 11.39 

1.2111 

11 

0.8486 

0.3625 

10 

Column totals ' 

i9,..2893 

23.8826 

39.0022 

i 132 


6.4337 

120 

All varieties 

19.2893 

23..8826 

39-0022 

1 132 

1 

29.5697 

9.4325 

131 


In each line including the last, the regression sum of squares is 
calculated as in Table L The. test of significance. is finally .as follows—' 
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1 Residual 

1 OF 1 

i 1 

i ^lean square I 

: F j S% Pt 

All varieties 

9.4325 

131 I 

1 


Within varieties 

1 6.4337 

120 1 

0.05361 

1 1 

1 

Difference 

2.9988 

11 ! 

I 0.2726 

5.08 j 1.86 


The F value is high and definitely establishes the significance of diT 
ferences among the regressions for the varieties. 

There are other procedures and tests of significance that flow from' 
the covariance analysis, but those described in this example are un- 
doubtedly of the greatest imporfance for experiments of this type. 
We shall now discuss a type of experiment in which the covariance 
analysis is applied in a somewhat different manner. 

Subdivision of Treatment Components 

A fairly common type of experiment is one in which a number of 
treatments are compared at two or more levels of a second factor. For 
example, we might have a series of flours of different varieties that are 
to be tested for loaf volume with the addition of different amounts of 
potassium bromate. A study of published results indicates that a 
method of analysis particularly appropriate for data from experiments 
of this kind is rarely used. A greater knowledge of this method would 
seem to be worth while in the extraction of the maximum amount of 
information from the experiment, and it also seems likely that a 
knowledge of the technique of analysis would be of assistance in working 
out the design. Foreknowledge of what one is going to do with data is 
bound to have some influence on how the experiment is laid out. 

In order to demonstrate the method of analysis it will be necessary 
to illustrate the procedure known in statistics as the splitting up of 
degrees of freedom into orthogonal components. If we have three 
determinations that we shall designate by A, B, and C, the differences 
between these three determinations are represented by two degrees of 
freedom. The two degrees of freedom can be split up into orthogonal 
components. In the sense in which it is used here, the word “orthog- 
onal’" means independent. In other words, one of the components 
can have any value whatever without its having any effect on the value 
of the other component. One of the components can be defined arbi- 
trarily, but when the first one is'defined. the second one is fixed by rule. 
Three simple ways of defining one component would bC' to , take the 
difference between any two of the determinations such as C — A. 
The rule for the derivation of 'the second' component is best "illustrated 
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by setting up the first comparison as follows: 

ABC 

0 +r 

The numbers are referred to as coefficients and for any such comparison 
the sum of these coefficients must be zero. The second and indepen- 
dent comparison must be built up so that the sum of the coefficients is 
zero and also the sum of the products of the coefficients for the two 
comparisons. The second comparison can now be set up below the 
first. 

ABC 

"'"5 IjlT 

+1 —2 +1 


On' examining the coefficients in each line we note that they conform 
with the rule that their sums and sums of products must be zero. 

The next step is to calculate the sums of squares for the two com- 
ponents. The first one is given by (C — A)V2, and the second by 
(A + C — 2B)V6, where the rule for the divisor is to take the sum of 
the squares of the coefficients. If we add the above two sums of 
squares we will get the sum of squares for the two degrees of freedom 
calculated in the ordinary way. This can be used as a check on the 
calculations. ' ' 

It should be obvious that the procedure of splitting up the degrees 
of freedom and the corresponding sums of squares may have a very 
definite logical basis. This, is particularly true if A, B, and C represent 
three levels of one factor as in an experiment on loaf volume in which 
the levels are 1,2, and 3 mg of bromate added to the dough. In such 
an experiment some sort of trend in the results would be expected, 

■ and it would be logical^ to compare the volume for the smallest quantity 
'of bromate' with the volume for the largest amount of bromate added. 
Actually the method being used here is a short cut to analyses by means 
of regression and correlation coefficients. The effect measured by 
C — A is actually the same as that which would be measured by a 
regression straight line fitted to the three points, in which the level of 
bromate is the independent ■ variable and loaf volume the, dependent 
variable. ' , .In teriiis of regression .analysis the sum of squares calculated 
as above for C — A is [S(xy}j2/S{x2), .where and y are m,easured from 
their means, x being the independent.variable and y the 'dependent 
variable. This is the portion of the; total sum of squares of 'y that is 
> accounted for by the regression -straight line. The single degree of 
freedom for C ^ A represents the. linear regression function, and the. 



Jfay, 1944 


C. H. GOULDEN 


!65 


single degree of freedom for A + C — 2B represents the additional 
constant involved in fitting a quadratic function of the form F 
~ d hx -j" 

We should notice in the first place that there are three different 
ways in which the two degrees of freedom can be split up into linear 
and quadratic components. This will depend entire!}’ on the choice 
of the experimenter,, but in an example such as the one mentioned 
above, the linear component will usually be C — A. The most logical 
division, however, will arise from the general characteristics of the 
experiment. ' Suppose that A represents a zero level of some treatment 
and B and C are the two actual levels. One of the most ' interesting 
comparisons is therefore B + C — 2A, which is equivalent to compar- 
ing treatment with no treatment. 

If there are more than three levels of the one factor, and these are 
to be split up into orthogonal degrees of freedom having some logical 
value for the experiment, we can proceed in a similar manner. For 
example, with four levels represented by A, B, C, and D, the linear 
quadratic and cubic components are as follows: 


A 

B 

C 

D 


+3 

+ 1 

-1 

-3 

Linear component 

-1 

+ 1 

+ 1 

-1 

Quad,ratic component 

+ 1 

-3 

+3 

-1 

Cubic component 


It is only necessary to have the coefficients and any similar problem 
can be solved. These are given in the tables by Fisher and Yates 
(1938) for fitting components up to the 5th degree for any number of 
levels up to 52. The divisors for obtaining the sums of squares are 
also given in these tables and this saves a good deal of labor when 
working wdth five or more levels. 

A different method of splitting up the degrees of freedom is indi- 
cated in certain examples. Suppose that A ■ and B are two levels of 
one improver and C and, D,,,are two levels of another improver. Here,, 
two comparisons are obvious, and then the third comparison will.be 
fixed. The three comparisons are as follows: 


A 

B 

C . 

D 


-1 

+1 

+ 1 

-I 

+1 

- 1 

+ 1 

-1 

+1 

+1 

-'1- 


The first comparison is. between' ■■the two kinds of improvers. The 
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second is between the two levels for both improvers. The third repre- 
sents the extent to which the improvers give different results at the 
two levels, and is comparable therefore to an interaction between 

improvers and levels. 

With this brief discussion of methods of splitting up degrees of 
freedom into logical components, we are ready to consider the analysis 
of a hypothetical experiment. Let us suppose that five flours are 
tested with four levels of bromate added; for example, with 1, 2, 3, 
and 4 mg. The data could be arranged in the form of a table as fol- 
lows, and for each variety we shall determine the totals, the linear 
components, the quadratic components, and the cubic components. 


Flours 

Mg bromate 

1. 2 3 4 

Variety 

totals 

Linear 

components 

Quadratic 

components 

Cubic 

components 

A 

B 

C 

D i 

E 'i 

1 


i 



Totals 


f 

1 


i 

1 



The analysis of variance can now be outlined. It will be noted 
that the analysis differs from a simple analysis in that' the treatment 
siiiB of squares and the interaction sum of squares are broken up into 

Outline of Analysis of . Variance 


DF 


Varieties 4 

Treatments — linear effects 1 

— quadratic effects 1 

— cubic effects 1 

Interaction — linear effects X varieties ■ 4 

— quadratic effects X \mrieties 4 

— cubic effects X varieties 4 


Mean square 
V 

1 

a 

c 

1 X t’ 

? X » 
c Xv 


appropriate linear, quadratic, and. cubic components. In a simple 
analysis,, the .interaction mean square would be used to test the sig- 
nificance of the mean squares for varieties and treatments. In the 
above' form the mean square for the ' interaction can likewise be used 
to test the three com.ponents .of' the 'treatment effect. The results' will 
show whether 'or not 'there '.is ^a .tendency towards a definite type' of 
trend. It is '' ptBsible,', in ''.addition,' to make a test of the Iine.ar ' and 
quadratic portions of the interaction. This is done by performing 
two supplementary tests, setting op an '.analysis for each. These are 
as follows: 
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DF 

MS 

F' 

Linear effect X varieties 

4 



g -f c + (§ X ly) + (c X tO 

10 




DF 

MS 

F 

Quadratic effect X varieties 

4 



c -h (c X v) 

5 




The general procedure followed in these supplementary analyses is 
the same as in the ordinary covariance analysis; except that in the 
first place the procedure here is shown in relation to the sums of squares 
and degrees of freedom of the ordinary analysis of variance, and in the 
second place it is carried forward past the fitting of linear regressions 
to the fitting of second and third degree constants to the results for 
the treatments. If we were dealing with the linear effects only, we 
would have divided the treatment degrees of freedom into twm portions; 
linear regression and deviations from linear regression, for 1 and 2 
degrees of freedom, respectively. The interaction w^ould have been 
divided correspondingly and we would have carried out only the first 
of the supplementary tests mentioned above. 

It is important to note the exact relation of the supplementary tests 
made here to the tests for heterogeneity of regression applied in the 
covariance analysis. The first test of the interaction of the linear 
effects with varieties is a test of the heterogeneity of the linear regres- 


TABLE III 

Loaf Volumes for 17 Varieties of Wheat Tested at Four Letols 
OF Potassium Bromate Added in the Baking Procedure 


Variety 

Levels of bromate in rag 

Total 

Lin. 

comp. 

Quad. 

comp. 

Cu. 

comp. 

1 

2 

3 

4 

1 

10.8 

10.6 

9.8 

8,8 

40.0 

-6.8 

-0.8 

0.4' 

2 

9.8 

9.6 

8.6 

8.2 

36.2 

-5.8 

-0.2 

1.4 

3 

8.5 

8.2 

7.7 

7.4 

31.8 

-3.8 

0 

0.4 

4 

8.2 

7,6 

7.2 

7.0 

30.0 

-4.0 

0.4 

0 

5'" 

10.4 

10.6 

9.8 

9.4 

40.2 

-3.8 

-0.6 ■ 

1.4: 

6 

9.6 

9.8 

9.2 

8.4 

37.0 

-4.2 

-1.0 

'0.6 

7 

9.0 

9.0 

8.8 

7.8 

34.6 

-3.8 

-1.0 

-0.6 

8 

8.6 

8.7 

8.5 

8.5 

34.3 

-0.5 

-0.1 

0.5' 

9 

9.4 

10.0 

9.6 

9.6 

38.6 

0.2 

-0.6 

1.4'' 

10 

10,0 

10.2 

9.6 

9.0 

38.8 

-3.6 

-0.8 : 

0.8' 

11 

9.4 

9.6 

9.5 

9.2 

37.7 

-0.7 ’ 

-0.5 

0.1 

12 

8.4 

8.7 

8.8 

8.8 

34.7 

1,3 

-0.3 

0.1 

13 

6.6 

6.5 

6.8 

6.6 

26.5 

0.3 

-0.1 

-0.9 

14 ■ 

9,1 

8.9 

8.4 

7.8 

34.2,' 

-4,4 

-0.4 

0.2 . '■ 

• 15 , 

10.8 

10.7 

10.2 

10.0 

41.7 

-2.9 

-0.1. 

■0,7 

16 

7.5 

7.4 '■ 

7.2 

7.2 

■29.3 

-1.1 

0.1 

0.3 

' 17' 

8.4 

8.6 

8.2 

8.2 

33.4 , 

- 1.0 

-0.2 

1.0 

Totals, ,, 

',154.5 

154.7 

147.9 

141.9 

599.0' 

-44.6 . 

-6.2'' 

'7.8:;,'' 
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sion coefficients. Then, by a simple extension of the procedure, we 
test the lietero'^eneity of the quadratic regressions. This process can 
be carried forward indefinitely. Jf the number of levels is greater than 
four, we may, for example, wish to test the heterogeneity of the cubic 
regressions. With a still greater number of levels it would be possible 
to make further tests, but it is not often that we will be interested in 
effects higher than those of the third degree. 

We shall now appl}" the above method to a set of data obtained by 
Larmour (i941j on the reactions of a series of flours from 17 varieties 
that were baked with four levels of potassium bromate. These data 
are given in Table III together with a portion of the calculations. In 
the actual experiment another treatment was included in which no 
bromate was added. This level is omitted here in order to simpliW 
the example. The loaf volumes, which were given by Larmour in 
cc, have here been coded by dividing by 100 and rounding off the last 
decimal figure. Linear, quadratic, and cubic components have been 
calculated for each variety and are given in the last three columns of 
the table. 

In the first place, the usual analysis is set up giving the sums of 
squares of varieties, treatments, and interaction. This works out as 
follows : 



Degrees of 
freedom j 

Sums of 
squares 

Mean 

square 

F 

1 5 % point 

Varieties i 

16 

70.0097 i 

4.376 

40.1 

1.86 

Treatments 

3 

6.5947 j 

! 2.198 

20.2 

2,80 

Interaction | 

I 

48 

5.2303 

0.1090 




The next step is to split up the treatment sum of squares into 
linear, quadratic, and cubic components. These are calculated from 
the treatment totals of Table III. 

Linear component 

= X 154.5 - 1 X 154.7 + 1 X 147.9 + 3 X 141.9)**^ 

— 20107 “ 

Quadratic component 

_ (1 X 154.5 - 1 X 154.7 -- 1 X 147.9 + 1 X 141 . 9)2 ^ 

^ = 0.5653 

Cubic component 

= (-1 X 154.5 + 3 X 154.7 - 3 X 147.9 + 1 X 141.9)= 

20 X 17 ~ ~ 0-1789 

ITie coefficients used in the above equations can be obtained from the 
tables by Fisher and Yates (1938). 
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To determine the corresponding interactions ■ we, deal with the 
.figures in the three columns on the right of Table LIL Thus: 

Linear effects X varieties 

= [(6.82 5 ^go + . . . ^ 1.02)/20] ~ 5.8505 = 4.2665 
Quadratic effects X varieties 

= [(0.82 4 . 0.22 + . . . + 0.22)/4] - 0.5653 = 0.6297 
Cubic effects X varieties 

- [(O .42 + 1.42 + • • • + 1.02)/20] - 0.1789 - 0.3341 

Note that the correction terms are the components previously calcu- 
lated in dividing up the sums of squares for treatments. The complete 
analysis can now be set up. The tests of significance emphasize that 



DF 

ss 

MS 

F 1 5% point of F 

Linear effect 

1 

5.8505 

5.8505 

53.7 i 4.04 

Quadratic effect i 

1 : 

0.5653 1 

0.5653 

5.19 1 4.04 

Cubic effect 

1 

0.1789 1 

0.1789 

1.64 1 '4.04 

Interaction 

48 

5.2303 

0.1090 

i 


the large differences between the treatments are mainly linear effects; 
in other words, there is a definite tendency, when all varieties are 
combined, for the quantities of bromate added to bring about a pro- 
portionate reduction in the loaf volumes. However, the quadratic 
effect is also significant; and on examining the totals for the treatments,' 
we note that there is a slight increase in volume from level one tO' level 
two and a definite failing off of the volumes for the third and fourth 
levels. The cubic effect is insignificant, and this is exactly what we 
would expect from an examination of the treatment totals. 

In view of the fact that the linear and quadratic effects are signifi- 
cant, it is of interest to examine the components of the interaction. 
We can make two simple tests as follows: 



DF 

ss 

' MS 

F " 

1 5 % point of F :' 

Lin. X varieties 

16 

4.2665 

0.2666 

5.31 

1.95 , ' '' 

Error 

34 

1,7080 

0.05024 



Quad. X varieties 

16 ! 

0.6297 

0.03936 

■ 1.30 

'2'.29, 

Error 

17 , 1 

0.5130 

0.03018 




I order to obtain the error for testing thejinear in teractio,n' effect,, tve 
use,, all the sums of squares , representing deviations, from,' linear, re- 
gression. ' 'We have,, therefore, 0.5-653 „+■; 0.1789 + 0.6297 + 0,3341 
= 1.7080. Similarly, the 'error Tor',- testings the" quadratic ,, interaction, 
effect -contains ,all, the sums of squares'"-,'' represe,ntiiig deviations from 
"quadratic regression.,' -This is 0'.l'789.-'+; 0.3341 — 0.5130. 
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These tests have furnished information of value. They have shown, 
that, al-thoiigh the linear effect for all varieties combined is significant, 
the linear effects for the varieties taken individually are not uniform. 
It is not possible, however, to detect any differences between the 
quadratic effects. 

We can agai,n show that what we have done in the last two tests is 
exactly the same as is done in the covariance analysis when testing the 
heterogeneity of regressions. The method for setting up the analysis 
of covariance is as follows: 


7'otal SS 

1 Linear 
DF j regression 

1 SS 

DF 

Residual 

DF 

Mean 

square 

F 

5% point 

1,1.8,250 

51 I 10.1170 

17 

1.7080 

34 




11.8250 

51 1 5.8505 

1 

1 1 

5.9745 

1 

50 

1 



Error 

1 

1.7080 1 

34 

0.05024 



Heterogeneitv of regressions 

4.2665 

16 

0.2666 

5.31 

1.95 


In a similar manner we can set up the covariance analysis for the 
quadratic effects. 


Total SS 1 

DF i 

Quadratic I 
regression ; 
SS . 

DP 

Residual 

f 

1 DF 

Mean 

square 

F 

1 5% point 

' 1.7080 i 

34 1 

1.1950 

17 : 

0.5130 

17 




1.7080 

34 : 

0.5653 ; 

1 

1.1427 

1 33 ^ 




Error 




0.5130 

17 

0.03018 



Heterogeneity quad, regression | 

0.6297 

16 

0.03936 

1.30 

2.29 


Selection of Levels 

If it is agreed that the analytical methods demonstrated in the last 
example are useful and practical, a further point can be made in con- 
nection with experimental design. Since the simplicity of the method 
.arises chiefly from the fact that the levels of the factor being studied 
are in,' arithmetical progression, it is suggested that time and effort 
can: be saved by , careful attention to the levels used.,' It, happens 
frequently that the experiment calls Tor the use of levels' that are. not' 
in arithmetica,! progression, a,nd the^ experimenter .may inadvertently 
use E" series of levels that a,re not in ■any 'sort of mathematical progres'- 
sion. This is very likely to make ' the calculations ' in any' method ' of 
analysis much more difficult, and it 'is paiticularly true with the method 
of analysis described above. 
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Let us suppose for example that the dependent variable being studiecl 
is expected to react as indicated by the following hypothetical data. 

Levels (x) 0.10 0.25 1.00 5.00 20.00 

Determinations ( 3 ?) 15.0 15.3 15.7 , 15.6 16.0 

The levels here are of the kind that are sometimes arbitrarily selected 
without giving much thought to methods of analysis. At low levels of 
X, much smaller increases in x are required to produce a given increase 
in y than at higher levels of x. The obvious procedure in this example 
is to set up levels such that their logarithms are in arithmetical pro- 
gression. We could use the levels 0 . 10 , 0 . 40 , 1.6, 6.4, 25.0. The 
hypothesis that there is a linear relationship between values of y and 
the logarithms of x could then be tested in a very simple manner by 
replacing the values of x by 1 , 2 , 3 , 4 , 5 . Most experiments of this 
type are for the purpose of testing a hypothesis of this kind. There 
are a great variety of hypotheses that can be tested, but, generally 
speaking, these can be expressed as some form of mathematical relation, 
and the levels set up can be such that they may be transformed readily 
to a series of natural numbers. Actually there is no excuse for a series 
of levels that do not form a regular series of some sort. With this in 
mind it should be possible to make the statistical work on many prob- 
lems much easier than would otherwise be the case. 


Summary 

There is a very close relation between methods of analysis and 
experimental design. A study of different methods of analysis may 
suggest new designs or changes in others. 

A description of a simple covariance analysis is given, with the 
object of demonstrating how the method can be used to advantage in 
certain types of experiments. 

The procedure of splitting up degrees of freedom in the analysis of 
variance is described, and an example given showing how the maximum 
amount of information can be extracted from an experiment in which 
one of the factors is tested at various levels. 

Reference is made to the possibility of simplifying calculations by 
being careful in the selection of levels in a factorial experiment. 
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EFFECT OF ENVIRONMENT DURING THE GROWTH AND 
DEVELOPMENT OF WHEAT ON THE BAKING 
PROPERTIES OF ITS FLOURS 

R. 2\L Sandstedt and K.iRL Fortmaxx - 

Department of Agricultural Chemistry, Nebraska Agricultural Experiment Station, 

Lincoln, Nebraska 

(Presented at the Annual Meeting, May 1941; received for publication July 26, 1943) 

Recent investigations have shown that there is a linear relation 
between protein content and loaf volume within wheat varieties and a 
variation in baking quality between varieties (Aitken and Geddes, 
1934 and 1939 ; Larmour, 1931; Larmour, Working, .and Ofelt, 1939 
and 1940 ; McCalla, 1940 ; Bayfield, Working, and Harris, 1941 ; and 
Johnson, Swanson, and Bayfield, 1943).''^ The exceedingly high cor- 
relations between protein and volume obtained in the more recent 
work indicate that within varieties there was little variation in quality, 
practicalh* the entire variation being in the amount of protein. Ac- 
cordingly, since differences in protein content are due largely to differ- 
ences in the environments under which the wheats are grown (McCalla 
and Rose, 1941 ), one obtains the impression that environment has 
little effect on quality. However, it should be noted that much of this 
work was done on composite samples, the composites representing a 
number of localities wdiich produced similar protein content, or the 
results' were reported as the averages of loaf volumes for each increment 
of protein content. Marked environmental effects occurring in' a few 
localities or small effects in a number of localities might be largely 
eliminated by these procedures. ■ 

Sandstedt and Ofelt (1940),. by diluting flours to a given protein 
content with starch, showed that wnthin a variety the baking quality- 
seemed to decrease with an increase in protein content. However, 
they pointed out that this .was not true for all varieties and that high-”' 
protein 'sa.mples grown in one particular , locality had outstanding 
quality. This suggested that’ the ■■■quality of these high-protein flours 
,ivas due to the environment under which they were grown. , 

The purposes of the present paper are to offer further evidence of. 
the ■considerable differences in ■ baking properties which , may be ob- 
t.ai.ned by growing wheat in .di’fferent localities ..and to show that the 
baking quality of flour may be' materially dependent on the conditions 
under' which 'the wheat is grown. ■ ' 

' Published with t.h.e approval of the Director a.s EKiper No. 340, Jo.iir'naI Series, Nebraska Agricul- 

loral 'E.X'|Kriment Station'. ' 

' ® Present address^ — -Campbel! Taggart Research Fouadatioji, 'Kansas City, Misso.uri. 

, . ® Some seeming contradiction arises owing to the quite common use of protein content as a measure 
‘yof In wheai. ,^For example, M'cCaila and, Rose. (1941) concluded t.hat environment was more 

^Tective in determining tham was variety.,'.-' 
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Materials and Metliods 

JVkeai Origin and Characteristics. The Agronomy Department of 
the Nebraska Experiment Station, the Agricultural Extension Service, 
and the Nebraska Grain Improvement Association each year conduct 
regional performance tests of promising new strains in comparison with, 
standard varieties. These tests are so planned that all varieties grown 
in, one locality are comparable. In the fall of 1939, 22 such tests were 
planted. Because of an exceedingly dry -fall in the south central part 
of the state with the consequent poor germination and severe winter- 
killing, only 14 of these were harvested, as shown in Figure 1. The 



grain from six varieties included uniformly in all of the tests provides 
the basis for the studies herein reported. 

In order to show the relation of protein to loaf volume to the best 
advantage, the test localities are designated by letters; the locality 
which produced the lowest average protein content is designated as Ay 
that producing the next higher average protein as etc. These 
locality designations apply to all varieties regardless of their individual 
protein content. 

The yields and test weights (Table I) of the wheats'and the protein 
content of,' the flours from the wheats (Table II) are presented as indi- 
cations of the wide variation in the environmental conditions prevailing 
during the 4939”1940 growing, season,' causing a range in average' yield 
from 13.6 bu at Nto 38.3 bu at '-B,, and from 12,4% protein in the, flour 
at A to 16.9% at N. ' However, such wide variations "may be expected 
!h , the Great ' Plains region., Nebraska, , itself, has a considerable ' range 
both in soil type and in climate. The test weights may be considered 
as indicative of '',the'';:conditi'on, ^ of ■■the ■ ■grain and of its approximate 
market grade.\'' ■^■'\^■■"'' ' 3 ' ■■■'■3,',\:':,, 
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TABLE I 


Comparative Yields and Test Weights of Winter Wheat Varieties in 
Cooperative Variety Demonstration Plots, 1940 ^ 


Locality 

Xlean of all varieties | 

Variety 

Mean of all localities 

'\’'ield 

Test weight j 

Yield 

Test weight 


bu 'acre 

ib;bu -| 


bu/acre 

Ibibu 

A 

34 J 

60.1 ! 

Turkev 

22.1 

58.3 

B 

38.3 

61.5 j 

Nebred 

2I3 

59.5 

c 

34.4- 

61.0 i 

Tenmarq 

24.4' 

S 7 .S 

D' 

21.6 

54.4 ! 

Chevenne 

24.4 

59.4 

E 

23.7 

59.0 1 

Blackhuli 

24.9 

59.8 

F 

16.3 

58.1 1 

. Chief kan 

26.0 

60.0 

G 

22.0 

59.2 ! 

1 



H 

.29.4 , i 

59.9 1 




I 

i 26.9 1 

' 59.8 1 




J 

i 23.0 1 

; 60.2 j 

i ’ 



K 

i 18.2 

j 59.6 ! 




L 

! 17.4 

1 59.9 : 

i ; 

1 j 



M 

1 19.0 

59.8 1 

1 j 

i 


K 

( 13.6 

i 

i 55.0 i 

1 

1 



1 “ Results of the 194-0 cooperative small grain variety demonstration trials,” G. T. Webster, D. L. 
Gross, and T. A. Kiesselbach. 


■■ Milling. The wheats were milied to 85% patent flours on a four- 
stand iVllis-Chaimers experimental mill. 

Baking Method. The micro-baking technique described by Van 
Scoyk (1939) as modified by Sandstedt and Ofelt (1940) was used. 
The baking formula was as follows: 25 g of flour (15% moisture basis), 
3% yeast, 6% sugar, 1% salt, 3 % shortening, 0.2% malt flour, and 
0.001% potassium bromate. ■ Each dough was given optimum mixing 
in a National micromixer. The optimum, which is essentially de- 
vdopment to - optimum consistency, was determined by observing the 
.transition of the dough during mixing.from the rough appearance of an 
nndermixed dough to the velvety smoothness'* of a well-developed 
dough. Proofing was to 6.5 cm height in the tail form micro pans. 
Flours of the same variety from all localities were baked on one day. 
This bake was repeated on, another .day; accordingly, each flour was 
baked, in duplicate, the .duplicates- being baked on different days. 
Using this 'Order of baking, differences in results ' owing to locality 
.becom.e highly significant, '.especially, if the locality effect tends to be 
similar for 'a'll va.,rieties.'''. 

The precisi'On- which, may, be. attained by an experienced baker w^hen 
using this-' 'ex-pe.rimentai' baking'. 'procedure is shown by the analysis of 
variance g.ive.n in Tables: III, IV, V, and VI. For testing the 'variabil- 
ity resulting from the baking procedure itself, the mean square of the 
remainder was used as error.,- Calculated on this' basis the error of 
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the differe^iice between two flours (each baked in duplicate) was 6»5 sec 
in mixing time and 3.2 cc in volume. According!}^, the differences 
required for significance (based on the 5% point) would be 20 sec and 
10 cc. 

Sandstedt and Ofelt (1940) proposed that experimental flours of 
varying protein content be diluted to a common protein basis for 
quality determination. Accordingly, each flour was diliited with 
wheat starch to an artificial 10% protein content and again baked in 
duplicate, using the same formula and baking procedure as used for 
the original flours. The starch used for dilution was prepared in the 
laboratory, discarding the ‘‘amvlodextrin” fraction (Sandstedt, Jolitz, 
and Blish, 1939). 

Analysis of Varmnce. The analysis of variance \¥as made accord- 
ing to procedures outlined by Snedecor (1937). All calculations were 
based on the original determinations (mixing times and loaf volumes), 
not on the averages of duplicates as given in the tables. As already 
stated, the mean square of the remainder was used as the error for 
calculating the standard deviation and error of difference between two 
flours in showing the precision of the baking procedure. It was also 
used for testing the significance of the variety X locality interaction. 
However, as it was desired to test for significant differences betw^een 
localities considering all varieties, the mean square of the interaction 
V X L must be used as error as- this value is shown to be significant. 
Accordingly, as given in the tables, . the error of the difference between 
two flours and the difference required for significance of the varietal 
and locality means are calculated on this basis. 

Definition of Quality, Larmour, Working, and Ofelt (1939) defined 
baking quality as the capacity of a flour to fulfill the loaf volume pre- 
diction made on the basis of its protein content. ' Quality when used 
in this paper is limited to the above definition. 

Experimental Results and Discussion 

Flour Protein, As previously stated,; the range in^ protein content 
of the flours (Table II) indicates a wide variation between the environ- 
ments under which the wheats were grown. The Turkey and Black- 
hull wheats were slightly higher in protein than the other varieties,' but 
there -was no consistent tendency for one variety to produce signifi-';' 
cantly more or' less protein 'than another. .The ' differences , between 
varieties were slight compared tO" the 'differences .between loca.l'ities.': 
Similar results' were reported' by. McCalla and Rose (1941), .and - fay a; 
number of earlier investi,gatQ.rs.. .Bailey (1'925) gives a comprehensive';'' 
review^ -of the e.xtensive literature on the influence of environment "o-n,' 
the composition al . 
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TABLE I! 

Effect of Environment and Variety on Flour Protein Content 


Flour protein coiitent ( 15 % moisture basis) 


Locality 

Turkey 

Xebred 

Tenmarq 

Cheyenne 

B!a.ckhuil 

Chiefkan 

Mean 




% 

Tc 

% 


% 

A 

i!.'6 

12.5 

12.2 

12.5 

12.7 

12.8 

12.4 

B 

13.2 

12.5 

n.4 ■ 

12,4 

13.2 

12.2 

12.5 

C 

13.1 

12.5 

12.8 

13.1 

13.6 

13.2 

13.0 

'D 

14.3 

13.1 

13.6 

13.3 

13.7 

13.1 

13.5 

E 

14.6 

14.1 

14.2 

13.8 

14.4 

13.9 

14.2 

F 

15. .3 

15,0 

14.7 

14.8 

14.7 

14.6 

14.8 

G 

15.8 

14.9 

14.8 

13.9 

16.4 

15.1 

15.1 

H ! 

■ 15.2 ■ 

15.0 ; 

15.9 i 

! 15.2 I 

15.4 

i 14.4 ; 

j 15.2 

I i 

^ 16.0 : 

15.3 1 

,15.3 1 

j 15.4 1 

15.3 

14.7 j 

1 15.3 

J 1 

15.4 i 

15.8 ' 

15.6 ! 

! 15.2 1 

15.3 i 

15.4 ! 

15.4 

K 

! 15.9 1 

15.5 i 

15.8 i 

! 15.6 1 

15.5 

15.0 1 

15.5 

L 

1 15.7 

1 15.4 1 

15.7 

15.2 i 

15.8 

15.3 1 

15.5 

M 

1 16.9 

16.9 1 

16.3 1 

15,3 1 

15.8 

16.0 

16.2 

N 

! 17.4 

! 17.5 1 

16.7 ; 

16.7 I 

j 

16.5 

16.5 

16.9 

Mean 

15.0 

^ 14.7 

14.6 

14.4 1 

14.9 

14.4 



^ Cooperative wheat tests (1940). 


Absorption. In baking these samples it soon became apparent that 
there were a number of flour characteristics which varied with changes 
m. environmen't and that in most cases the varieties tended to respond 
in. a similar manner to any particular change in environment, e.g.y 
all flours f rom locality A" had unusually high absorptions; 2 to 4% higher 
than when grown in other localities which produced a similar quantity 
of protein.. Locality N produced the highest protein wheats, but the 
.difference in ' prot'ein quantity between localities M and N was not 
.great enoug,h to .account for the difference i.n. absorption. 

Handling Properties. ■ The handling properties of the doughs from 
wheats grown at 4 varied’ co.nsiderably from the handling properties 
of the same va,rieties grown in the other localities. The flours from 
this locality had a tendency to produce- so.ft and somewhat sticky 
doughs. This was particularly evident when ■ comparing localities A 
and jB, which produced ■fiou.rs with similar protein content. , 

Mixing Requirements. The ,naixi,ng. requirements of the doughs, 
the time required to reach optimum development y varied markedly 
with environment. , This' is shown by the data and analysis of variance 
presented in Tables III and IV., .’The mixing requirements are given 
'as the time in minutes required -to reach optimum.consisten.cy; each 
figure being the average of duplicate mixes. The average mixing time 
for the series of flours with natural protein content was ,2 min 17 sec;,: 
that for those diluted to 10% protein 'Content .was 2 min' 23 sec. 
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TABLE III 

Effects of Environment and Variety on .Mixing Requirement of Flours 

(Optimum mixing time — average of duplicates) 


Locality 

Turkey 

Nebred 

T enmarq 

Cheyer..rie 

BiackbuII 

Chief kan 

Mean, 


min 

min 

min 

min 

min 

min 

min 

A 

2.45 

2.38 

2.09 

3.96 

1.58 

1.54 

2.33 

B 

1.92 

2.92 

2.38 

2.92 

1.50 

1.54 

2.19 

C 

1.79 

2.13 

1.71 

3.54 

1.38 

1.38 

1.99 

D 

2.67 

4.42 

2.71 

4.75 

1.83 

1.71 

3,01 

E 

1.88 

2.79 

1.96 

3.13 

1.67 

1.50 

2.15 

F 

2.00 

3.13 

1.96 

3.79 

1.58 

1.54 

2.33 

G 

1.75 

2.84 

2.30 

4,05 

1.50 

1.67 

2.35 

H 

1.79 

2.75 

2.04 

3*63 

1.54 

1.54 

2.21 

1 

1 1.63 : 

2.38 

1.88 i 

2.79 

1 1.46 - 

1.38 ' 

I 1.92 

J 

1 1.67 ^ 

2.46 ^ 

2.00 

3.42 ' 

! 1.46 ; 

L50 ; 

i 2.08 

K 

1 1.63 I 

1.92 ; 

1.48 ; 

2.46 

1.42 ; 

1,33 ; 

! 1.71 

L 

1.88 1 

2.92 

2.25 : 

3.92 ^ 

1 1.67 I 

1.42 1 

1 2.34 

M 

1.75 ^ 

2.58 

2.04 

2.88 

1 ■ 1.46 ’ 

1.42 ■ ■ 

2.02 

N ' i 

2.67 1 

4.17 ; 

3.25 

5.13 

i 2.42 : 

1.80 ^ 

3.24 

Ivlean 

1.96 

2.84 i 

2.15 

3.60 

1.61 ' 

1.51 


Correlation coefficient, 


i 

j 






protein X mixing time 

0.20 

0.12 1 

0.08 

0.04 

0.24 

0,10' 



Difference Required for Significance of Protein-Mix time: r = 0.53 


ANALYSIS OF VARIANCE 


'Factor 

i Degrees 
: of 

i freedom 

Mean 

square 

F 

Variety 

Locality 

Interaction 

V X L 
Remainder 
Total 

5 

13 

65 

84 

167 

i 

17.95 

1.98 

0.189^ 

0,0237 

95.0** . Error of d'ifference between two 

10.5** flours =0.309 

7.98** Based on the 5% point, difference 
required for significance of: ■ 

Varietal means =0.233 

Locality .means =0.355 


^ Used as error. 

** Significant at 1% point. 


The significance of differences in mixing time is indicated by the 
analysis of variance. Differences between locality . averages greater 
than 21 sec, and between variety averages greater than 14 sec {dif- 
ferences required for significance based on the 5% point) may be 
considered as significant* , 

All varieties grown at locality K required a 'short mixing time, while 
those grown at N required a ,'long,. mixing..' Chief kan , {noted for its 
short m,ixing requirement) from N required' as much, mixing as Turkey 
or Tenmarq from K. Blacldiull ; grown .at ' iV' required more mixing 
than these, other varieties grown at'"#, .and even as much as Cheyenne 
(normally requiring an exceedingly ;■■■ long mix) grown at K. It is 
'interesting, though perhaps to be expected, that the difference between 
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TABLE IV 

Effect of Environment and Variety on ^Iixing Requirements of Flours 

(Diluted to 10% protein content? 

(Optimum mixing time — ^average of duplicates) 


Locality 

T urkey 

Xtjbred 

TenmarQ 

Cheyenne 

Biackhull 

Chief kan 

Mean 


"" 

min 

min 

min 

min 

min 

min 

min 

A 

2.46 

2.17 

2.08 

3.92 

1.71 

1.54 

2.31 

B 

1.79 

3.13 

2.46 

3.00 

L54 

1.59 

2.25 

C 

1.80 

2.25 

2.00 

3.54 

1.46 

1.50 

2.09 

D 

2.46 

3.95 

2.71 

5.42 

1.83 

1.79 

3.03 

E 

i.79 

2.88 

2.00 

3.59 

1.75 

1.50 

2.24 

F 

1.88 

3.13 

2.25 

4.29 

1.63 

1.71 

2.48 

G 

1.75 

2.88 

2.46 

4.71 

1.50 

1.75 

2.51 

H 

1 .63 

! 2.79 , 

, 2.33 ! 

1 3.67 1 

1.50 

, 1.67 

2.26 ‘ 

1 

1.72 

1 2.42 

i 1.92 1 

1 3.21 1 

1 .46 

1.46 

* 2.02 

J j 

LS8 i 

! 2.58 

’ 2.17 i 

3.92 ' 

1.46 

1.58 j 

2.22 

K 

1.71 ' 

2.00 

i 1.58 1 

2.63 ‘ 

1.38 : 

1.42 I 

1.78 

L 

1.75 : 

2.96 

2.25 j 

i 4.21 ! 

1,80 * 

1 .75 

2.45 

M 

1.75 1 

2.84 

2.25 

2.92 

1.75 

1.46 

2.16 

N 

2.58 ! 

4.50 

1 

3.59 

5.84 { 

2.42 

1.96 

3.48 

Mean 

1 1.89 ‘ 

2.89 ^ 

1 2,29 

3.92 j 

1.66 

1.62 



ANALYSIS OF VARIANCE 


Factor 

Degrees 
of j 

freedom ; 

; !Mean 
j square i 

1 

1 p 

Variety 1 

5 

22.25 I 

86.6’**’^ 

Locality 1 

13 i 

i 2.18 ; 

8.48"'* 

Interaction 1 
V X L 1 

65 

1 0.2571 

26.5** 

Remainder i 

84 

1 0.00969! 


Total 

167 

i 



Error of difference between two 
flours —0.359 

Based on the 5% point, difference 
required for significance of: 

Varietal means =0.272 

Locality means =0.414 


^ Used as error. 

** Significant at 1 % point. 


varieties is less in the localities requiring short mixing times and greater 
in localities requiring long mixing times; the difference between Chief- 
kan and Cheyenne from K was only 1.1 min, while at N the difference 
was 3,4 min. Also, the difference between localities was less for varie- 
ties having short mixing requirements and greater for varieties having 
long mixing requirements; the difference between Chief kan wheats 
from K and N was 0.5 min, while for Cheyenne it was 2.7 min. 

Relaiim of Protein Content to Mixing Time, The mixing require- 
ments of the diluted flours (Table IV) are fairly good checks of the 
inmng requirements of the corresponding flours of natural protein 
content. This is strong evidence that protein content does not affect 
fhe mixing requirement as determined by this method. Further sub- 
stantiation is obtained from the correlation between the mixing re- 
quirenient and protem content for each variety. These correlation 




Fig, 2. Effect of environment on type of mixograms produced , by 'Biackhu II and, Clieyenne 
wheat flours. Upper curves were made with flours of natural protein content; lower, curves with t,he'' 
flours diluted to 10% protein level. ' 


Mixogmms, The differences in.' mixing characteristics, of flours from' 
various ' localities may be shown quite effectively by means of :m.ixo-': 
grams (recording dough, mixer cu.rves). All mixogra.ms of this:se,ries 
of flours were made 'using the baking absorptions ^ ix., the absorptions 
dete',rmined for use, in, the, baking, procedure.. ■ Cheyenne aod''Blackhull 
are representative' of varieties'' 'requMng' exceedingly 'long ' and short, 
.mixing." The,. m,ixogra,m,s. for. .these'.' varieties grown in environments 
L, K, D, C, and 'M'. (Figure,, 2)' are 'used to illustrate the differences in 
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mixing characteristics which ma}* be produced by environment in 
flours of the same wariety with nearly equal protein content, the pairs 
L K ant! D C being comparable (Table III. The upper curves were 
obtained from the flours with their natural protein content, while the 
lower curves were obtained from the flours diluted to 10% protein 
with wlieat starch. Dilation to a 10% protein content for determining 
curve characteristics makes all curv^es directly comparable (Ofelt and 
Sandstedt, 19411. 

Wliilc in general the curves for the two varieties were typical, the 
environinent produced, in each variety, a wide range in curve character 
with the curve for Blackhull grown at tending to approach in charac- 
ter the curve for Cheyenne grown at K, Swanson (1939) showed 


TABLE V 

Effect of E.nwironment and Variety on Loaf Volume 
(Loaf volume — ^average of duplicates) 


Localiti/ 

Turkey 

Nebred 

Tenmarq 

Cheyenne Biackhiili 

Ciuefkan 

Mean 


rt 

rr 

« 

cc 

cc 

cc 

cc 

A 

161 

164 

170 

168 

169 

154 

164 

B 

158 

160 

160 

156 

155 

138 

ISS 

C 

165 

164 

169 

165 

162 

145 

162 

D 

207 

209 

203 

189 

184 

154 

191 

E 

163 

170 

172 

168 

159 

145 

163 

F 

166 

184 

186 

168 

162 

142 

168 

G 

182 

204 

197 

189 

175 

159 

184 

H 

180 

206 

191 

181 

170 

154 

180 

I 

186 

217 

199 

190 

175 

157 

187 

J 1 

1 199 i 

219 

208 , 

201 

185 

: 163 

196 

K 1 

173 ! 

193 

175 ; 

167 

164 

142 

169 

L 1 

200 i 

218 ^ 

219 i 

185 

175 

153 

192 

M 1 

201 i 

229 ■ 

218 I 

197 

169 

155 

195 

N ! 

188 

204 

212 1 

171 

185 

152 

184 

Mean 

181 j 

196 ^ 

192 

178 

171 

151 


coefficient, 
loaf voIuT® protein 

content 

1 6.18 

! 

11.0 

9.10 

4.13 i 

4.0 

3.1 



ANALYSIS OF VARIANCE 


Factor I 

Degrees 

of 

freedom 

i 

Mean 

square 

F 

Variety 

5 

7233 

48.7*"' 

Locality 

13 

2357 

15.9*=" 

Interaction i 

65 

148^ 


V X L 1 




Remainder 1 

84 

20.0 


Total 1 

^ J 

167 




1 aP error. 

Scant at the t% point. 


Error of difference between two 
flours ~8.6cc 

Based on the 5 % point, difference 
required for significance of: 

Varietal means — 6.5 cc 

Locality means —9.9 cc 
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TABLE VI 

Effect of Environmext and Variety on Loaf Volume of Flours 
(Diluted to 10% protein content) 


L-ocality 

Turkey 

Nebred 

TenmarQ 

Cheyenne 

Blacichull 

Chiefkan 

2ifean 


cc 

cc 

cc 

cc 

cc 

€€ 

rc 

A 

159 

142 

143 

144 

140 

138 

144 

B 

147 

143 

142 

142 

130 

124 

138 

C 

152 

141 

139 

137 

137 

128 

139 

D 

162 

164 

153 

154 

141 

138 

152 

E 

142 

137 

137 

137 

125 

126 

134 

F 

139 ' 

138 

137 

132 

128 

120 

132 

G 

148 

147 

143 

140 

129 

129 

139 

H 

144 

146 

139 

133 

131 

125 

,136 

I 

145 

145 

141 ^ 

135 ‘ 

132 

123 : 

137 

J i 

149 

S 145 

144 1 

136 

1 136 

128 1 

140 

K i 

135 

: 134 

129 1 

117 ! 

118 

115 ^ 

125 

L i 

i 145 

149 

144 ; 

133 1 

127 i 

126 1 

137 

M 

1 142 

145 

142 i 

132 i 

127 1 

119 : 

135 

N 

139 

134 

141 : 

1 

119 

131 

121 

131 

Mean 

146 

144 

141 

135 1 

131 

126 1 


Protein-volume regres- 
sion, coefficient 

-3,18 

-1.30 

-0.70 

— 5.5 

-2.26 

1 i 

-2.76 



ANALYSIS OF VARIANCE 


Factor 

Degrees 

of 

Mean 

F 

freedom 

square 


Variety 

5 

1769 

68** 

Locality 

13 

485 

19 ** 

Interaction 

65 j 

26.F 

5.3** 

V XL 
Remainder 

84 

4.88 


Total 

167 

i 

1 ' 


^ Used as error. 

** Significant at the 1% point. 


Error of difference between two 
flours ?=3.6cc 

Based on the 5 % poin t, difference 
■■ required for significance of: 

Varietal means =s2.^^cc 

Locality means =4.2 cc 


‘Similar wide variations in mixograms obtained from flours produced 
under different environments. 

Statistical Significance of Loaf Volume Data. The loaf volume data' 
obtained from baking this series of flours at the natural protein level 
together with an analysis of variance of- the data are given in Table V 
and for the diluted flour samples in Table VI. - ■ The analysis of variance 
shows that both the variety and the environment were responsible^ for 
highly significant v-ariations in loaf volume, not .only in' the flours at 
their natural p,rO'tein contentcbut also in, the flours, .diluted to; -10% 
protein content.' Differences .-required for significance 'W'e.re less' for 
the diluted' flour data than for -the original -flour -data; this is tO' be '-ex-- 
pected since the loaves were 'much -smaller.' ' ■ 

Differences between locality means greater than 9.9 cc, or between 
variety, .means"„-greater than .6*5. cc-.'(signi.ficant differences based on the"; 
5% point),' may be considered; as, significant.,: ■' ^ ' 
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Lmif I ohime-Froiein Relationships, The relation of flour protein 
to loaf volume is shown by the re^iression cur^Ts on the left in Figures 



Fig. 3 , Effect of \wiety and of environment on the relationship of Idfef volume to protein. Left 

haad curves are fcsr natural flours; right hand curves are for flours diluted to 10% protein content. 


3 and 4. Each curve represents the results obtained from a single 
variety; the localities are indicated by the letters ri, B, etc. 

The outstanding characteristic of these curves is the deviation of 
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the individual samples from the calculated regression line. This is 
contrary to the marked lack of deviation shown by composited wheat 
sa'mples (Larmour, Working, Ofelt, 1939, 1940, and AicCalla, 1940). 
It can be seen from inspection of the curves in Figures 3 and 4 that 
compositing samples of nearly the same protein content or averaging 
the loaf volumes obtained from those having nearly equal protein 
(Larmour, 1931) would quite likely eliminate the variations. 



The marked individual variations in loaf , volume were not related 
to protein content; e.g,^ the, environment D yielded flour 'with the 
capacity to produce exceptionally'.' large 'loaves, 'w^hereas t,he en'viron- 
ments C .and yielded' flours with .similar protein 'content but wh,ich. 
were incapable of, producing loaves- with :as, great volume. Similarly', 
the. environments A). and'hL' yielded" wh'e.a'ts differing 'little.; in- p-rotein. 
quantity but ' differing , greatly in '. loaf ' volume capacity, .Locality.".. R 
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produced wheat with greater volume potentiality than locality 
even though the flours had nearly a 2% lower protein content. The 
quality differences were not as pronounced with Chief kan and Black- 
hull wheats; nevertheless, the differences are significant and tend to 
parallel the other varieties at the corresponding localities. 

Ejfeci 0 / Varying the Baking Formula. Such wide deviations from 
the expected volume-protein relationship suggest the possibility that 
the baking formula was not adapted to the flours from such localities 
as C, £, AT, and N, while it might have been optimum for the flours 
from D and L. Accordingly, the flours from localities C, D, Z, and K 
were rebaked, using 0.002% KBrOs instead of 0.001%^ and again 
rebaked using 6% dry milk solids and 0.004% KBrOs (Ofeit and 
Larmour, 1940), 


TABLE VII 

Comparison of Loaf Volumes Obtained with Three Baking Formulas 


Variety 

L'Ocality 

Flour protein 

Loaf volume 

KBrOs 
i mg % 

KBrOs 

2 mg Vc 

6 Vo D.M.S. 

-i-4 mg % KBrOs 



% 

cc 

cc 

cc 

Nebred 

N 

15.4 

218 

213 

215 


F 

15.5 

193 

187 

184 


0 

13.1 

209 

203 

212 

i 

C 

12.5 

1 

168 

164 

163 

, .TeniB'arq j 

N 

15.7 

219 

213 

210 

■i 

F 

15.8 ■ 

180 

165 

169 

1 

0 

13.6 

206 

200 

206 


C 

i 12.5 

169 

172 

i 160 , 


The loaf volumes' obtained from the Nebred and Tenmarq flours 
using the three baking formulas are given in Table VI 1. It is .seen that 
these changes in the baking formula did not materially alter the relative 
volumes obtained (in, fact the volumes obtained with each flour by the 
three formulas are' "in surprisingly close agreement). As possible 
explanations 'for' the lack of variation between these widely differing 
formulas, it should be, noted that absorption and mixing in all cases 
was ‘'optimum,'* a,iid that the “rate of proof" was largely eliminated 
as a factor since proofing , was to height. This effect of proofing to 
height was shown by Sands'tedt and Blish ,(1939). 

Loaf Volume-LomUiy Relationships. ' A compari,son of the pro,tein-. 
volume curve for one variety, with the curves of the. other varieties 
(Figures 3, and '4) .shows,, that, with -few exceptions, the' six varieties 
tended to respond in, a similar manner to any particular set^of environ- 
' mental conditions; hours. 'from.' certain localities' .a, re found above 
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the regression line regardless of variety,. and flours from certain other 
localities are found below the regression line. However, the differ- 
ences between localities are greater for certain varieties than for others. 
In order to show this tendency to better advantage, the Turke^v w,heat 
flour samples were arbitrarily arranged in the order of increasing loaf 
volumes without regard to protein content. The loaf volumes in this 
order were then plotted against locality; thus a fairly smooth curve 
for the T urkey wheat flours was obtained (Figure 5) . The loaf volumes 



Fig, 5 . Effect of locality and variety on loaf volume at the natural protein levels. 

obtained from the other varieties for the respective localities were then 
introduced on the graph and the curves drawn for each variety. This 
gives a direct comparison of the loaf volumes obtained from all varieties 
from each locality. 

This evidence gives the same general impression as was obtai,ned 
from a comparison of the individual curves: the loaf volumes of the 
varieties had a tendency to vary in.. the ■ same direction wdth a change in 
environm.ent. The most conspicuous exceptions were the Nebred and 
Cheyenne samples grown under environment N. 

It is quite evident that in the’ lower' loaf v6lum,e ranges, the wheats, 
excepting Chiefkan, gave similar loaf 'Volumes when grown," under the 
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same environiiiental conditions, but in the higher ioaf volume ranges 
there was a considerable spread between the varieties. The curve for 
Chiefkan has a tendency to remain level; i.e., Chiefkan did not respond 
as readily as the other varieties to changes in environment. Blackhull 
takes a somewhat intermediate position. On the whole these data 
indicate that the varieties tend to respond in a similar manner to 
changes in environment ; however, the}" differ markedly in the amount 
of response, the response being roughly proportional to the loaf volume 
potentiality of the variety. The interaction variety X locality^ being 
highly significant, also shows that the varieties did not all respond alike 
to the differences in environment. 

Baking Tests with Flours Diluted to 10% Protein. The right hand 
curves in Figure 3 represent the loaf volumes obtained from the same 
flours as shown in the left hand cur\'"es after they had been diluted with 
starch to an artificial 10% protein content. This dilution was used to 
eliminate quantity of protein as a variable not onh' in estimating- 
quality from loaf volume but also as a variable in evaluating such other 
characteristics as grain, texture, and handling properties. It is exceed- 
ingly difficult to evaluate these factors in flours of unequal protein 
content since *‘'buckiness” and a tendency toward extreme open grain 
are characteristic of high-protein strong flours, especially when supple- 
ments are used in the baking test to obtain maximum volumes. The 
10% protein level was chosen so that the lower protein wheats could 
be included in this comparison. Generally, there might be consider- 
able advantage in diluting to a protein level similar to that used in 
average commercial baking. 

The loaf volume curves from the diluted flours indicate much the 
same variation in quality in any one wheat variety as was shown by the 
data for the original flours. There is an evident similarity between 
the distribution of the natural and the diluted flours in respect to their 
regression lines. A comparison of' the relation of the individual sam- 
''ples of natural and diluted flours to their respective regression lines 
indicates that much, the same information may be obtained about the 
individual samples by either baking procedure; the exceedingly high 
quality ,of , the wheats grown .under environment D and the poor quality 
of those. grown under, environment is apparent. 

Rekttmn of Quality to Protein Content. The 14 samples of flour 
■representing each variety are. too few* to give a dependable;' varietal 
regression line; nevertheless, the:se regression lines for the diluted flours 
seem to indicate that in the varieties having the highest loaf volume 
’potentialities (Nebred and Teamarq), .q'uality had a tendency to be 
independent of protein* content (the regression coefficients, , though 
negative, were small), while in the’ other varieties quality tended to 
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decrease with an increase in protein content. The regression curves 
obtained fay Sandstedt and Ofelt (1940j suggested a similar relation- 
ship; however, their data also indicated lower qualitx-” in samples having 
low protein content. The flours included in the present report were 
not of sufficiently low protein content to check this possibility. 

Blending Values. It was suggested by Sandstedt and Ofelt (1940) 
that the baking results obtained by diluting with starch to a definite 
protein level might be an indication of the efficiency of the protein of 
the flours for blending purposes. On this basis, the proteins of Turkey, 
Xebred, and Tenmarq grown under this particular set of conditions 
were about equal in blending value and somewhat better than the 
other varieties. Differences in blending efficiency between varieties 
were greater in the higher protein ranges. If the loaf volumes obtained 
from these diluted flours are taken as an index of their blending 
efficiency, these results indicate that blending efficiency is not only 
a varietal characteristic but is to a large extent dependent on environ- 
ment and in some varieties also on protein content. Chiefkan, as a 
variety, was low in volume; however, Chiefkan grown at -4 and at D, 
diluted to 10% protein, gave loaf volumes as large as, or larger than, 
Blackhull grown at the other localities and as large as Tenmarq and 
Nebred grown at £, C, F, and K. 

Summaxy 

Baking properties of hard winter wheats were found to be markedly 
affected by the environments in which the wheats were grown. All 
varieties from one locality showed high absorptions; from another 
locality, poor handling properties; from others, shorter or longer than 
normal mixing requirements; and from others, exceptional loaf volume 
potentialities. These variations from the expected behavior were 
largely independent of protein content. 

Quality in some varieties seemed to be practically independent of 
protein content, but in other varieties quality decreased with increase 
in protein content. 

Though the varieties tended to respond in a similar manner to 
environmental changes, the degree of response w^as determined by 
variety. Varieties with low loaf volume potentiality gave the least 
loaf volume response to changes in environment, while varieties with 
high loaf volume potentiality gave the greatest responses; similarly, 
varieties with the shortest mixing requirement gave the least response 
in mixing requirement to environmental change, while varieties with 
the longest mixing requirement gave the greatest response. Cor- 
respondingly, the differences in loaf volume between varieties were 
greatest in localities wffiich produced the flours with the largest loaf 
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volume potentialities and the differences in mixing requirement be- 
tween, varieties were greatest in localities produci,ng the longest mixing 
require„nients. 

Blending efficiency* of the flour protein^ while largely dependent on 
variety, may be materially’ affected by environment a,nd in some 
varieties may^ decrease with increase in protein content. 
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Tlie basic structure of cake batters has long been a matter of 
speciiiation. The fat-air dispersion phenomenon, not to mention the 
fat-liquid emulsification state, has proved an intriguing subject to 
those interested in the fundamentals of cake baking. The common 
use of emulsifying agents in cake shortenings has increased the interest 
during the past few years. Because of the subject’s complexity, much 
of the information published to date deals with theoretical considera- 
tions. Morris (1929) concluded that the air cells present in cake 
batter are surrounded by a film of sugar syrup and egg protein, or 
both, which in turn is emulsified in fat. Grewe (1937) reported that 
creamed mixtures of sugar, fat, and eggs represent a water-in-oil 
emulsion. On the bases of viscosity and electrical conductivity 
studies, Sunderlin and Collins ( 1940 ) concluded that thin batters are 
oil-in-water emulsions whereas thick batters are ivater-in-oil emulsions. 
Their data indicate that there is a gradual transition from one type of 
emulsion to the other. Morr ( 1939 ) made microscopical examinations 
of baked cakes and showed that the starch and fat of cakes are im- 
bedded in or at the surface of the protein matrix. It was indicated 
that hydrogenated fats collect in clumps of fairly large size at the 
cake-air interface, that butter appears to be more finely divided than 
hydrogenated fats and appears to be distributed throughout the entire 
crumb, and that liquid fats seem to collect in pools at the cake-air 
interface with only a small portion distributed within the crumb. 
Lowe (1943) indicated that thin batters produced inferior cakes 
whereas viscous ones produced more desirable cakes. Lowe specu- 
lated, *‘If in the thin batters, the fat is largely dispersed as an oil-in- 
water emulsion and in the viscous ones as a water-in-oi! emulsion, it is 
not impossible to have both types of emulsion in the intermediate 
batters. Not all of the fat may be emulsified/' Lowe finally con- 
cluded that fats may possibly be dispersed in cake in several ways, 
such as an oil-in-water emulsion ; a water-in-oil emulsion ; films, pools, 
or lakes throughout the cake ingredients or adsorbed on the starch 
and protein of the crumb as monomolecular (or possibly multi- 
molecular) films; at the cake-air interface; or by a combination of all 
or some of these. 
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Bailey and LeClerc (1935) supported the theory that a water-in-fat 
emulsion is formed during the creaming of cake batter. 

Based on a microscopic examination of cake batter, Sunderlin and 
Collins (1940) concluded that gas bubbles were present in batter in 
grapelike clusters. 

The work reported in this paper was undertaken to develop addi- 
tional information regarding the basic structure of cake batters con- 
taining fats; to study the effect of emulsifying agents on cake batter 
dispersion; to determine the fate of suspended air cells during the 
baking process; to observ'e the structural changes taking place during 
baking; and to attempt. to correlate known cake defects such as 
shrinkage and texture irregularities to some controllable factor or 
factors. 

Materials and Methods 

Cake types were both pound cake and white layer cake. In the 
case of pound cake, the percentage of fat was relatively high when 
compared with the white layer cake formula. The batter temperature 
was maintained at 75®F in all cases, unless otherwise stated. 

After the batter was mixed, a minute portion was transferred to a 
glass slide and a cover glass was pressed down until the batter was 
extended sufficiently to become transparent to reflected light. 

The fat w^as colored with fat soluble dyes, either yellow AB ^ or 
O'B,® and consequently it became relatively easy to follow the behavior 
of the fat prior to and during baking. Observ’'ations were recorded by 
means of photomicrographs. Higher magnifications (up to 225 X) 
■were of value in observing the behavior of single air spaces and' single 
fat 'areas, wffiile lower magnifications (25 X) were necessary for the 
;study of several fat areas concurrently. 

To permit a study , of the changes which occur in the structure of 
■ the batters during baking, the microscope was specially equipped wdth 
; a heating stage. The stage consisted of a resistance coil covered by a 
■steel plate. The coil 'W^as, operated from a 6- volt transformer and its 
Temperature could be controlled, within limits, by means of a rheostat. 
Batters' wffiich were cooked or- baked on slides by means of the heating 
stage were compared with similar batters taken from partially ' baked 
batter removed from cake layers during the regular process: of ' baking. 

The point at which the batters became baked'' was determined 
by means of polarized light.,’ Upon .the co'mpletion of, the "baking 
process, the characteristic birefringence of the . starch granule dis- 
appeared. This loss of birefringence when a film of the batter was 
baked on the slide was confirmed with, cakes baked in a normal 
manner. 

, ' » napbthylamiije — -a certified iiawi 'as. a 'butter c»lor. 

lapMbyiarome, 'also QSe,d'a5'a Imtter color. 
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Results and Discussion 

rke Effect of Emulsifying Agents on Fat Dispersion, Both pound 
cake batters and white layer cake batters were made with hydro- 
genated shortening and with similar shortening containing varying 
percentages of mono- and di-giyceride emulsif\ing agent, r^facro- 
scopically the batters appeared “curdled’’ without the presence of 
emulsifying agent. Added quantities of emulsifying agent (up to 10% 
of the total shortening) overcame this curdled appearance and de- 
veloped a thin but smooth batter. The viscosity of the batter de- 
creased with each added quantity of emulsifying agent; the batter 
specific gravity increased, the cake volume increased, and the fat 
lake areas became more iinefy dispersed. 

The findings of Grewe (1937) were verified. B\' means of elec- 
trical conductivity tests, it was proved that a water-in-fat emulsion 
existed during the creaming of fat, sugar, and eggs. It is difficult to 
attach much significance to the emulsion state at this particular 
stage of the cake making process. Just as soon as flour was added to 
this creamed mass the conductivity of the mixture increased almost to 
that of the emulsified aqueous medium. Apparently the major portion 
of the liquid (with its dissolved electrolytes) was released from its 
emulsified state by the addition of flour. It was evident that a con- 
tinuous water-in-fat emulsion did not exist in the batters studied. 
Of course this does not eliminate the possibility of combination 
emulsions; i.e,, \vater-m-fat clumps distributed through an aqueous- 
flour medium. 

Cake Baiter at Varying Magnifications, The photomicrograph in 
the upper left corner of Figure 1 shows the structure of white layer 
cake batter as observed at 50 magnifications. The dark, irregular 
clumps or “lakes” are composed of fat, while the continuous field is 
made up of the aqueous phase with its dissolved sugar, salt, and baking 
powder, and its suspended flour and eggs. It will be noted that the air 
spaces are suspended only in the fat lakes. 

The upper right photomicrograph is similar to that of the upper 
left corner, except that the magnification is greater. The air cells 
with their surrounding coating of fat are more dearly depicted. The 
flour particles suspended in the aqueous medium can be easily ob- 
served. No undissolved sugar and salt can be seen. 

The lower left and right photomicrographs are also at SO and 225 
magnifications respectively. The flour particles have been stained by 
the addition of an iodine solution to more clearly depict their locations. 

It is obvious from a study of the photomicrographs of Figure 1 
that the fat is distributed through the batter in the form of small 
clumps or lakelike areas. The dumps of fat hold in suspension all pf 
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the air which the batter contains. There is a complete absence of air 
spaces in the aqueous-flour areas. This is an important point and 
represents one about which there is considerable discord.' It is also 
apparent that the fat does not represent the continuous phase of the 
emulsion. 

Figure 2 shows a photomicrograph of white layer cake batter 
containing regular hydrogenated shortening without added emulsifying 



Fliotomlcrographs of wMte layer cake batter at varying magnifications. Upper left and 
right: 50 and 225 msgni&c&tmm respectively:, Lower left and right: SO and 225 magnifications respec- 
tively (Mme added) . . 


agent. The fat is distributed in the form of fat lakes or clumps and 
air spaces' are present in.each fat lake." Cakes baked, from, this batter 
shrank excessively upon baking, indicating a highly unstable cellular 
Structure. 

The shortening ■ employed in preparing the batter for Figure 3, 
(upper) was the same as that for the batter of Figure 2,' with the 
exception that 0.1% of a monpglyceride emulsifying agent was' dis- 
solved in the shortening. This faulted- i'n. the formation of more fat 
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lakes per iiiiil area than were present in the batter w hich contained no 
added emulsif\ ing agent. For the lower photomicrograph of Figure 3 , 
the percentage of added emulsihing agent was increased to 0 25^. 
It can be readily seen that the additional emulsihing agent has re- 
sulted in a much larger number of fat lakes per unit area of batter. 

The three photomicrographs at the left in Figure 4 indicate the 
progressive increase in the number of fat lakes per unit area w ith in- 
creases of emulsifying agent to 0 5^, i%y and 3% respectively. 
Each increase in the quantity of emulsifying agent reduced cake 
shrinkage and resulted in cakes of generally superior quality . 

The photomicrographs on the right in Figure 4 indicate the de- 
creasing size of each fat clump wath each increase in monogly ceride 
emulsifying agent. It is still evident that all air bubbles are sur- 



Fig 2 Photomiciograph of white layer cake batter containing hidrogenated shortening (SO X)* 


rounded by fat and that few, if any% have entered the aqueous medium 
free from a protective fat coating. 

With each addition of emulsifying agent, up to the level of 5 to 6%, 
there w^as a corresponding increase in cake volume. After the 5% 
level was reached, the cake volume approached a maximum, and at 
8 and 9% the cake volume began to decline, indicating a detrimental 
effect when fat is dispersed in too fine a pattern. 

The specific gravities of the batters became greater as the quantity 
of emulsifying agent was increased. There was a perceptible increase 
in specific gravity between 0 and 1%, with a gradual flattening out of 
the curve at the higher percentages. Batter viscosity was also checked 
and it was found that the batters containing emulsifying agent were 
less viscous than those made without. 
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The effect of increasing percentages of monoglycerides on the 
niiiiiber of fat lakes per unit area and on batter viscosity is shown in 
Figure 5. The rate of change in viscosity is roughly inversely pro- 
portional to the rate of change in the number of fat lakes per unit area. 

From this study sufficient data are not available to imply that 
there is a correlation between viscosity and the number of fat lakes 


.IPIg, 3>' ' -of white layer -caJce 'iiatter (50. X)* 0pp€r*~HO:.S%' monogiyceride 

■ ; eaiEi'IsIfyiiig agent added* tower---0*25%:3nQno.gl3rcesriae 'emnlsifymg agent add^. , 


distributed through the batter; however,' this appears to be an im-' 
portant factor. Since there is considerable discordant literature coti- 
coming the harmful effect of low viscosity batters on mke volume and 
’ other cake characteristics, it is only pertinent to point out that, within 
’ limits, the reverse of this contention' is' indicated, particularly if batters 
pf lower viscosity are obtained by means of a finer fat dispersion* 

’ „ . Behmdor of Lard in Cakes* Through photomicrographic studies it 
,'Was indicated that lard di^sperses throughout cake batter in a much' 
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finer pattern than that of hydrogenated vegetable shortenings. In 
fact, its dispersal pattern is somewhat similar to that obtained with 
hydrogenated fats containing emulsifying agents. There is one im- 


Fig. 4. Photoniicrographs of white layer cake batter -(50 X) showiag the effect of mcreasiag 
quantities of emulsifying agent in fat disijersion.. Peroentages gi'ven below refer to monoglycerMe, 
added. , 


l^ft upper,.:. 0.5% ■ Bight'Upper.... 5.0% 

Left middle ; 1.0% Right middle. ......... . 7.0% 

Left lower . .. .. ...... 3 J)% Right lower. 9.0% 


portant difference: the quantity of air which is suspended in the fat 
lakes is reduced when lard is used as the shortening agent. This fine 
dispersion pattern explains why kind gives much better results in the 
richer type (140% sugar) layer cakes than does regular hydrogenated 
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shortening which 'contains no added emulsifying agent. Lard gives 
a 'fairly satisfactory performance in cakes of this type while hydro- 
genated shortenings without emulsifying agents produce failures. If 
the dispersal pattern norma! to lard is changed through alteration of 
either its composition or texture to the point where the fat lakes in 
the batter become larger, the behavior of lard then approximates 
that of hydrogenated shortenings, and the ability to produce cakes of 
high sugar and moisture content without resorting to the use of emulsi- 
fying agents is thereby lessened. Conversely, the ability of lard to 
suspend air cells is ■ increased when the fat dispersal pattern becomes 
coarse. Both air suspension and fat dispersal properties of lard can 
be regulated at any desired level. 



The,, Behamor of Baking Powder in Cukes, A photomicrographic 
study of layer ■ cake batters containing baking powder indicates that 
■'very kw, if ' any, new gas cells are formed as a result of the baking 
powder reaction. 'The released carbon dioxide gas seems to collect 
at the air space interface, and each existing space seems to grow larger. 

It is significant that new, air spaces are not formed,. This observation '- 
further emphasizes the role played. by' creamed-in air ceils in' the 
expansion of cake batters during baking. 

Observadons of BaUer Siruciure During Baking, Photomicrographs 
of batter made during the baking procC'SS are shown in Figure 6. After 
5 mk of baking had elapsed, it was 'found' 'that the- fat had melted and 
had released the air cells held in suspension. These cells were thereby 
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transferred from the fat phase to the aqueous medium. The fat, 
freed of its air bubble structure, collected in small lakes throughout 
the baking batter. Obviously these fat globules were smaller 
and in greater number when emulsifying agents were used. It is 



Fig. 6. ' Photomicrographs (100 X) of white layer cake'batters made with and without emuisifyiag 
agent at various stages of the baking process. ■■.■'■Upper,, middle, and lower pairs represent S-iniii, l0-toin, 
and ,15-mm intervals respectively.. In each pair, the- pktere at the left shows batter ooataming eraalsi- 
fying agent; at right, without emulsifying agent. At the S-min interval, the batter was Just beginning 
to expand; at the ,10-mm interval the batter .haci■■^'attamed a high degree ,of expansion. After baking 
for 15 min it 'was impossible to transfer sample® to the slide without loss of air; accordingly the photo 
micrographs for this time inter’im.l do not represent the actual batter conditions. 
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popularly believed that a greater distribution of fat, brought about by 
the use of emoisifying materials, will cause increased tenderness. Our 
work indicated that the reverse is true, because the cakes which con- 
tained no added emulsifying agents were far more tender than those 
containing the emulsifier. 

As the batter continued baking, a movement of the air spaces 
was observed. The movement appeared to flow with the aqueous 
medium along the path of a convection current. The fat globules 
, moved along the same path. There was little coalescence between 
separate fat areas. On the other hand, air spaces coalesced quite 
readily, as the larger cells often absorbed the smaller ones. As the 
end of the baking process was neared, a sudden increase in internal 
pressure was obsem^ed. This was reflected by rapid movement and 
distortions of the air spaces. Air spaces appeared to explode. The 
fat globules seemed to present points of extreme mobility. The 
movement during the period of high pressure was so vigorous that 
cake tunnels, holes, and other texture irregularities may be , formed 
under certain conditions. It is even more significant that the phe- 
nomenon of shrinkage (w^hich is partly overcome by the use of emulsi- 
: fying agents) occurs at this stage of the baking process. ' The size of 
the fat globule possibly affects the stability of the cake structure and 

Summary and Conclusions 

Layer and pound cake batters appear to be suspensions of air 
bubbles in fat distributed in a medium of flour and liquid. Little, if 
any, liquid appears to be emulsified in the fat. Soluble ingredients 
such as salt and sugar are dissolved by the wmter of the batter. The 
air spaces in layer and pound cake batters are invariably surrounded 
by fat. 

During baking, the fat. quickly melts and releases its suspended 
air to the flour- water medium. ' Gas prcxluced by baking powder finds 
its way into the air spaces already existing within the batter.. The 
completion of the baking process may be determined microscopically 
!’i'‘by means of polarized light. The cross pattern, of wheat 'sta.rch dis- 
appears at this stage. 

There is a movement of air spaces .at all times 'during 'the baking, 
process. This movement 'appears to, follow a de.finite.' convection' 
, pattern until the end of the teking' process is neared. At this stage 

', ',„.the ,movement becomes violent and without direction. 

- ‘ The use of monoglyceride type emulsifying agents produces a' finer 
"'^'dispersion of fat throughout the cake batter. 
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EFFECT OF SCAB ON THE QUALITY OF HARD RED 
SPRING WHEAT' 

P. P. Merritt and E: R. Ausemus ^ 

(Received for publication November 26, 1943) 

Scab infections, caused chiefly” by” the fungus Gibberella zeae (Schw.)- 
Petch (G. saubinetii Auct.), have resulted in substantial damage to 
hard red spring wheat in certain sections of IMinnesota in recent ears 
(Christensen and Rose, 1941). This damage has occurred chiefly in 
the south and west central sections of the state, but not to any appre- 
ciable extent in the northwestern part where a large portion of the 
spring wheat is grown. In 1941 and 1942 scab was a serious probleni,' 
in the. south central region, and in 1942 the infection spread to the west" 
centra! part. In the latter year there was an average infection of 13% 
in the varieties of spring wheat grown in the one-fortieth acre plots at : 
the Southeast Experiment Station at Wg^ca, and at the West Central 
Station at Morris. Four varieties of hard red spring wheat grown at 
the latter station for milling, and baking .tests for the .Northwest Crop' 
Improvement Association were so badly damaged wnth scab that they 

^ Cooperative iiiv^t!]^tio.n3 of. tbe Miimesota AgpEcMteral Experimetit Station and the Divisioa 
of Cereal Crops, and Disease, Bureau of Plant. Industry^ Stdls, .and Agrioaltural Engineering, A^cul- 
tural. Research Admiiiiatratio.ii, ' U. S.^.I>ei»rtmeat.of' Agriailture. Paper No. 2119 of the Sdcntific 
Jouiinal Series, M.in.n€»ta. A.gricaltUFai Ex|«riiheiit Station, 

^Assistant 'Professor, Division of Agriculturai ,Bk)cliem,fetry. .University of Minnesota, and Aw- 
date A,grono.mi3t, D,ivis!on of Cereal Crop® and Diseases, B\^raau of Plant Industry, Soils, and Agricui- 
tura! En.gineeriiig. , ' v 
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were considered to be unfit for comparative quality studies with varie- 
ties grown in other sections. 

As a substantial quantity of scabby wheat is marketed, with little 
published ififoriiiation available regarding the effects of various pro- 
portions of scab-damaged wheat on physical and chemical characteris- 
tics or on milling and baking quality, a study was undertaken. The 
results are described in this paper. 

Materials and Methods 

Four hard red spring wheat varieties were included in this study: 
Thatcher (C.L 1000'3)d Regent (C.l. 12070), Ceres — Double Cross 
X Ceres-Hope-FIorence (Ns 2829,® C.L 12008), and Alercury- X Comet- 
1018 (Ns 2822, C.L 12071). The prevalence of scab was estimated in 
the standing grain before harvest and in the threshed grain. The 
former was derived by first estimating the average percentage of in- 
fected heads and multiplying this by the estimated percentage' of 
infected florets in these infected heads. The infections for the four 
varieties so' determined were 70, 60, 60, and 80%, respectively. Infec- 
tion in the threshed grain was determined by examining each kernel 
in a sample of each variet\% those being considered as scabby which 
had the characteristic grayish color. The percentages of infected 
kernels were found to be 16, 16, 12, and 20. , These lower percentages 
are thought to be due to failure of many of the infected florets to pro- 
duce, grain and to removal of badly infected light-weight kernels by 
the fan and screen of the ordinary farm thresher. 

The samples were divided into two' lots designated as ‘‘sound’' and 
‘‘scabby.*' These were prepared by first blowing out as many of the 
light scabb}" kernels as possible with a blower, and. then removing the 
remaining visibly damaged kernels by hand picking. The scabby 
wheat thus removed was composited to form the scabby sample. 
The sound samples contained no more than 1% of scabby grain and the 
scabby samples were at least 95%- scabby. 

The interna! microflora of the sound and scabby samples ' was 
studied by means of :a surface-sterilization technique followed by 
plating the wet kernels on sterile, acidified nutrient agar. Approx-' 
imately 100 seeds were dipped in 70%' ethanol, iollowed by, immersion 
in mercuric chloride solution (1 : 1,000) for about, 2 min. To minimize 
contamination with air-bome organisms, the kernels were then rinsed 
with dilute calcium hypochlorite' solution' and transferred to, nutrient 
agar plates.,' . . 'Readings of the number and types of organisms arising 
from the seed were made after incubation for' 7 days at room tempera- 
ture. This technique is primarily designed for the determination of 

s ** C.L*'* 'refers to. accmbn number of tbe Oivisioii of Cereal 'Crops and Diseases, U.S.D.A.; “ Ns” 
refers to N'Ortb Da'&o.ta immber. 
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fungi, but certain bacteria also grow under these conditions: bacteria 
and fungi other than Gibber ella^ Helminthosporium and AUernaria were 
not classified. 

Determinations of test weight per. bushel, moisture, protein, and 
ash were made on the wheats by the procedures given in Cereal Labora-, 
tory 3^Iethods (4th ed., 1941). Weight per 1,000 kernels was obtained. 
The apparent specific gravit\^ of the wheats was determined by .measur- 
ing, in a 25 ml burette, the volume of an ethanol-carbon tetrachloride 
mixture (1 + 1) displaced by a 5-g sample. 

After scouring, the wheats were milled at a moisture content of 
16.2% in a six-stand, experimental mill. The weight of total fl.ou.r 
recovered was employed in calculating flour yield; the patent flour 
(about 85% patent) was reserved for analytical and baking tests. 

The patent flours were analyzed for moisture, protein, ash, total 
and reducing sugars, and carotinoid pigment-content by the procedures 
given in Cereal .Laboratory Methods (4th ed., 1941). 

Experimental baking tests were made with the A.A.C.C. formula, 
using a National dough sheeter, low-form pans, and doughs scaled to 
150 g. The flours milled from sound and scabby wheat for two of the 
varieties, Thatcher and Ns 2829, were baked in duplicate, employing 
combinations of the bromate levels ( 0 , 1, and 3 mg potassium bromate 
per 400 g of flour), three mixing times (1, 2, and 4 min in a Hobart- 
Swanson mixer), and two fermentation ’ periods (2 and 3 hr). Since 
in. commercial practice scabby wheat would be milled in blends with 
sound grain, it seemed desirable to car.r\" out baking tests on blends of 
the flours milled from sound and scabby wheat of the same variety. 
For each variety, blends containing 10 and 30% of flours milled from 
the scabby wheat were mixed with the corresponding flour from the 
sound wheat. These blends were baked in duplicate by the A.A.C.C. 
formula with the addition of 1 mg potassium bromate. The doughs 
were mixed for 2 min and fermented for two periods (2 and 3 hr). 

As a measure of the effect of scab infection' on the changes in dough 
consistency during fermentation, farinograph curves were made with 
doughs prepared according to the regular baking formula and co'ntain-- 
ing 1 mg potassium bromate, . These tests w^ere confined to . flours 
milled from the scabby and sound wheats obtained from Thatcher and' 
Ns 2829. ' The doughs were mixed to minimum mobility, allo-wed to' 
ferment in the farinograph fo.r one hour, and then remixed for 10 min; 
after an - additional hour of ferm.entation, , the doughs were again 
remixed. 

Restilts and Discussion 

. The' internal microflora of the.'sam;pies are given; in Tablel. Classi- 

'fication of the o,rigin,ai, samples -into .‘*sound” and **seabby'' fractions 
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TABLE I 

Internal Aerobic ^Iicrofloea of Sound and Scabby Wheats 


\^'ariety and 
co,ndition 

Clean 

seed 

Seeds infected with fungi and bacteria^ 

Gibbereila 

Helmintho- 

sporium 

sp. 

Altetnaria 

sp. 

Gihherella, 

Hdminikc- 

sporium 

and/or 

AUernari{r^ 

Miscellane- 
ous fungi 
-f bacteria 



% 

% 

% 

% 

9c 

% 

' Regent 

sound 

2 

1 

45 

54 

9 

7 


blighted 

7 

33 

31 

30 

7 

4 

Thatcher 

sound 

30 

0 

19 

46 

1 

5 


blighted 

21 

30 

8 

34 

3 

6 

Ns 2822 

sound 

27 1 

6 

8 

55 

0 

4 


blighted 

18 i 

38 

4 ! 

37 

I 2 

3 

Ns 2829 

■sound 

40 

3 

10 i 

43 

0 

4 


blighted 

6 ; 

27 

7 

63 

6 

3 

Mean 

sound 

25 i 

2 

1 20 

50 

2 

5 


blighted 

13 i 

1 

42 

t 

41 

1 4 

4 


5 The total, percentages sometimes exceed 100% 'because some kernels yielded two kinds of fungi. 
^ The va.!'ues in this column represent the percentages of seeds infected wit,h t'wo or more species. 


on the basis of kernel color was quite satisfactory in separating the 
kernels which were diseased with Gibberella, Both classes of samples 
'Were, however, appreciably infected with other microorganisms, par- 
ticularly Helminthosporium sp. and Alternaria sp. Since the extent 
of infection wdth microorganisms other than Gibberella is about the 
. samein.both series of samples, differences in chemical composition and 
■in 'milling and baking properties may be attributed, in large part, to 
■■infection with Gibberella, 

The test w'^eight, iveight per 1,000 kernels, flour yield, apparent 
specific gravity, and ratio of flour yield to apparent specific gravity 
"-are given in Table IL 

TABLE 11 

FhyS'ICal ProP'Erties and Flour Yield of Sound and 'Scabby Wheat 


V.arfet:y a,nd ■ 
condition 

Test 

weight 

Weight per 

1 .CKK) kernels 

Flour 

yield 

,, 

Specific 
gravity ■ 

Flour yield 
Specific gravity 



ibibm , 

■ g 

% 



1' Thatcher 

sound 

■■ 61' 

20.70 

74.2 

1.402 

52.9 


scabby 

56 ■ 

16.30 

73.1 

1.378 

53,0 

Ns 2829 

sound 

62 : , 

36.24 

76.2 

1,381 

55.2 


scabby 

,'57' .' 

26,67 

"75.0 

1.362 

55,1 ■ ' 

Regent 

sound 

'''6.1'" 

31.48 

78.1 

.■' L389 ■ : 

56.2 


scabby 

■56' ■■■ 

'■".'24.76' 1 

76.1 i 

1.351 ', 

56.3 

Ns 2822 

sound 

61 

" ''.35,45: ■ 

75.3 

: 1.381 1 

"'' 54'.S , 


scabby 

52, ., 

22.59 

; . ■ 73.5 

'1.346 

',54.6 , 

Mieaa 

sound 


^ ',30.47', 

76.0 

1'. L3'88 

,'"''■'54,7 ■' 


scabbj' 

" SS.2 

9922M 


L3S9',' :'',',■'■ 

i"': ", ■ 
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The test weight of the scabby wheat averaged 6 lb less than that 
of the sound wheat. This difference would have been greater but for 
the fact that the scabby samples contained some kernels which were 
only slightly shrivelled but which were affected by scab, as shown by a 
gray color. ^loreover, many of the very light, scabby kernels were 
lost during the threshing and cleaning operations; this would also 
occur in commercial practice. The variety Ns 2822 was most affected 
by scab and showed the greatest difference between the test weight of 
the sound and scabby wheat. 

The weight per 1,000 kernels averaged 7.9 g lower for the scabby 
than for the sound wheat. Thatcher had the lowest and Ns 2829 the 
highest values; these varietal differences are a direct reflection of varia- 
tions in the average size of the kernels. 

The flour yield was slightly but consistently less for the scabby than 
for the sound wheat. It averaged 1.6% less. This is a smaller differ- 
ence than would be expected from the lower test weight of the scabby 
wheat, it is, however, highly significant, statistically, as shown by a 
variance analysis of the data. The scabby wheat presented no particu- 
lar difficulties in milling. 

As expected, the specific gravity was lower for the scabby than for 
the sound grain. The ratios of flour yield to specific gravity' were the 
same for sound and scabby wheat for any given variety but differed 
between varieties. 

The chemical analyses of the wheats and patent flours are recorded 
in Table HI. No consistent differences were found between the pro- 


TABLE in 

Effect of Scab Infection on Chemical Composition 


Variety and condition 

Wlieati 

Patent 

Protein 

Ash 

Protein 

Ash 

■Re- 

ducing 

sugar 

Total 

sugar 

Non- 

reducing 

sugar® 

Caro- 
tinoid , 
pigment® 



%■ 

% 

% 

% 

% 

% 

% ■ 

fp-m ' . 

Thatcher 

sound 

13.0 

1.52 

12.3 

0.44 

0.17 

1.05 .. 

0.88 

2.64 ■.- 


scabby 

13.3 

1.62 

12.5 

0.50 

0.23 

1.13 

0.90 

3.18 

Ns 2829 

sound 

15.2 

1.72 

14.1 

0.42 

0.22 

1.14 

0.92 

1.91, ■■■'^- 


scabby 

14.8 

1.82 

13.6 

0,53 

0.34 

1,15 

,'■ 0.81 

2.51, 

Regent 

sound 

14.1 

1.48 

13,7 

0.41 

0.23 

1.34 

■1.11 

2.44 


scabby 

14.3 

1.54 

13,8 i 

0.50 

0.32 : 

1.32 

LOO 

,2.88 . 

Ns 2822 " 

sound 

14.9 

1.42 

14.4,^ 

0.40 i 

■-0.20 

1.03 i 

0.84' 



scabby 

14.2 ' 

1.57 

13.4 : 

0.51 i 

' 0.31 ' 

118 : 

0.87 ; 

3.18 /- 

Mean 

sou,nd ' 

14.3 ; 

L54'’ 

13.6 

0.42 

0,20 

■1.14 ' 

0.94 ' ■ 



scabby 

T4.2 i 

' 1.64 1 

13.3 

0.51 

0.30 

1.20 ' 

- 0.90.,.' ' 

2M'X 


1 Analyses are expressed on, a 1S% moisture 
* Differ ence .between totai anff .iMucing -sugars. ' 
3 Expressed as -carotene, 
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TABLE IV 

Mean Lo.af Volumes Obtained in Differential Baking' Tests with Flours 
^^IlLLED FROM SoUND AND SCAB INFECTED WHEAT 


Variety 


M ly- 
ing 
time 

Potassium bromate 

1 Thatcher 


2829 

1 Both varieties 

Sound 

Scabby 

i 

1 Sound 

Scabby 

: 

; Sound 

Scabby 

min 

tng 

a: 

cc 

1 cc 

cc 


cc 


FERMENTATION TIME- 

—2 HR 




1 

0 

673 

693 

755 

682 

714 

688 


1 

688 

710 

820 

748 

754 

729 


3 

675 

745 

943 

793 

809 

769 


Mean 

679 

716 

839 

741 „ 

759 

728 

2 

0 

710 

715 

798 

705 

754 

710 


1 

780 

810 

915 1 

808 

848 

809 


3 

843 

815 

810 

808 

826 

812 


Mean 

778 

780 

Ml 

774 

810 

777 

4 

0 

795 

798 

788 ! 

695 

792 

746 


1 

895 

898 

858 

733 

876 

816 


3 

808 

830 

790 

735 

799 

782 


, Mean 

833 

842 

812 

721 

822 

782 


1 Mean (2 hr) 

i 

1 763 

779 

831 

745 

797 

762 


FERMENTATION TIME — 3 HR 


1 i 

0 i 

658 

675 

765 

730 

712 

702 


1 

710 

723 

860 

800 

785 

762 


3 

653 ; 

658 

825 

743 

739 

700 

' ' 

Mean 

675 

685 

817 

758 

746 

722 

2 

0 

660 

713 

770 

735 

715 

724 


1 

783 1 

760 

883 

813 

833 

786 


3 

698 : 

710 

813 

768 

756 

739 


.Mean 

714 ; 

728 

822 

772 

768 

750 

' ' .. 4 

0 

720 

710 

765 

670 

,742 

690 


1 

770 

795 

790 

703 

780 

749 


3 

603 

625 

660 

660 

632 

W2 


, Mean 

699 

710 

738 

678 

718 

694'^ 


'Mean (3 hr) 

695 

708 

792 

736 

'744 . 

722 


'General mean . , 

729 

■ '. 744 .. 

812 

740 1 

'/770 , 

742 
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TABLE I V — ( Continued) 
ANALYSIS OF VARIANCE 


Source of variation 

Degrees of freedom 

Mean square 

F 

Flours 

3 

60,208 

50.it 

\Trie,tv, V 

1 

74,029 

61. 6t 

Scab, S 

1 

40,501 

39.7t 

V X s 

1 

66,093 

55.0t 

T reatmenis 

17 

23,098 

i9.2t 

Ferm.entation period, F 

1 

79,101 

65.9t 

Mixing time, M 

2 

22,423 

18.7t 

Bromate level, B 

2 

58,349 

48.6t 

F X M 

2 

17,599 

U.7t 

F X B 

2 

32,192 

26.8t 

M X B 

4 

12,238 

10.2t 

F X M X B 

4 

872 



Flours X treatments 

51 

3,517 


V X F 

1 

11,290 

9.4t 

V X M 

2 

49,918 

41. 6t 

VX B 1 

2 

5,778 

4.8=" 

SX F 

1 

5,078 ^ 

4.2’*‘ 

' S X M 

2 

568 

— 

SX B 

2 

617 

— 

Remainder 

41 

1,201 


Between duplicates 

72 

691 


Total 

143 




* Exceeds 5% point by comparison with “remainder’' mean square, 
t Exceeds 1% point by comparison with “remainder’* mean square. 


tein content of the sound and scabby wheats, but the. latter were 
slightly higher in ash content. The flours milled from the^ scabby 
samples were slightly but consistently higher in ash and reducing sugar 
content, and were considerably higher in carotinoid pigment content 
than the corresponding flours from the sound wheats. 

The mean loaf volumes for the differential baking tests, conducted 
with flours milled from the sound and scabby wheats obtained from, 
Thatcher and Ns 2829, are recorded in Table IV, together with a 
variance analysis of' the data. 

For both varieties combined, the mean loaf volume for all baking' 
treatments of the flours milled from' the scabby wheats was significantly 
lower by 28 cc than the corresponding mean for the sound, wheat.;. 
However, the .average 'loaf volume from the, scabby wheat of' Thatcher 
was 15 cc greater than from the sound wheat,, while the average volume 
from the sound, grain of Ns ■■2829 was 72 cc greater than ' from The 
scabby grain. The loaf volumes of the', flours milled' fro^m. the scabby 
and sound wheat were similarly influence' by variations in mixing time 
,a,nd bromate" level and' showed,' only ', slight, differences in regard to the 
■effect of var}dn'g 'feimeatatio^i t ■ '- These data indicate that while 
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scab infection may sometimes result in flours of lower strength, as 
measured by loaf volume, the mixing, fermentation, and oxidation 
requirements are not appreciably influenced. 

Aside from loaf volume, it is of importance to consider the effect 
of scab infection on other baking characteristics. Flours from sound 
and scabb}" wheats required the same absorption to make a dough of 
the proper consistency at the time of mixing. Doughs made from 
flour of sound wiieat had normal handling properties, whereas those of 
flours from scab infected grain had wet, sticky surfaces, collapsed 
readily on being remo%'ed from the fermentation bowls for punching, 
and were difficult to handle. The marked decrease in consistency of 
the doughs made with scab infected flour as fermentation progressed 
is illustrated by the farinograph curv^es shown in Figure 1. Loaves 
made from flours of scab infected ■ grain of Thatcher proofed slightly 
higher and had very slightly less oven-spring than the loaves represent- 
ing sound grain. Loaves representing scab infected grain of Ns 2829 
proofed slight h/* less and had less oven-spring than loaves representing 
sound wheat of this variety. The crust color of loaves from scab 
infected flours was much darker than the crust of corresponding loaves 
from sound wiieat flours. The crust was thicker, especially on the 
bottom, and tended to “cup"’ or pull away from the bottom of the pan. 
Loaves from 'Ns 2829 flour were slightly worse in this respect than 
loaves from Thatcher flour. The crumb color of the loaves from “scab 
infected’^' flour was dull and very yellow. It w’^as improved by longer 
mixing, longer fermentation, or more bromate. 

The mean loaf volumes obtained in the second series of baking tests, 
in' which " the flours from sound wheat were compared with blends 
containing, 10 ,and 30% of flours of- the same variety from scab-infected 
wheat, are recorded in Table V, together with an analysis of variance 
of the data. For all varieties and both- fermentation periods combined, 
the mean loaf volumes for the flours containing 0, TO, and 30% flour 
from scabby wffieat did, not" differ significantly. For the 2-hr fermenta- 
tion period, the presence of flour from scabby wheat tended to increase 
loaf volume, whereas the reverse was ' the case 'wffien the doughs were 
fermented'3 hr. - ■ , ' 

The undesirable handling ,properties of the doughs made, entirely 
of flour from scab infected wheat, and also the darker crust and inferior 
crumb color' of the bread, were , greatly ' minimized in , the , blends. ; 
Even when the blends contained 3'0% of. flour from scabby wheat, . the' 
handling' properties of : the dougbS' were normal, and 'the., color of '.the. 
crust and crumb of the bread was influenced only slightly. ' The loaves 
of Ns 2829 were the only ones to show “cupping^' on the bottom when 
“scabby” flour was included in the mixture. 
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From an agronomic standpoint wheat scab may cause serious eco- 
nomic loss to the grower. The small, heavily infected kernels woulc 
tend to be lost in commercial wheat cleaning operations and thereb} 


'U*anliilu'wRl 
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Fig. 1 . Farinograms showing the infitsence of scab Moction on the cimnees in dough mobility 
during fermentation. In each row, the first carve was obtained upon mking the dough mgrcdients, 
and the second and tMrd carves after one and two hr fermentation, respectively. 

Top raw-~flQiiir doughs represmtlng sound Thatcher 
' ■ Saas&d low-^fioar doughs regpaesenting scabh 
■ ■ Third row — ftour doughs representing sound Ns 2S29 

' ' Bottom row — ^fiour doughs repre»stmg ^hby Ns 2829 ’ ' 
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TABLE V 

Mea'X Loaf Volumes for. Flour Blends Containing Varying Proportions of 
Flours from Scabby and Sound Wheat of the Same Variety 


Flour from scabby 1 

wheat 1 

1 Loaf volume for variety^ 

Al! 

varieties 

i , ... 

Thatcher 

Ns 2829 

1 

Regent 

Ns 2822 

% 1 

cc 

cc 

! cc 

\ 

cc 

! 

I 

FERMENTATION PERIOD — 2 HR 

0 i 

743 

813 

\ 705 

743 

751 

10 

! 738 

870 

743 

803 

789 

30 

763 

830 ; 

763 1 

893 

812 

All blends I 

1 

00 

838 1 

1 i 

737 

813 

784 

FERMENTATION PERIOD — 3 HR 

0 i 

850 

855 

915 

868 

872 

10 

830 

923 

870 

780 

851 

30 

820 

883 

863 

868 

859 

All blends 

833 

887 

883 

839 

861 

Mean 

1 791 

1 

862 

810 

826 

822 


1 A.A.C.C. foriuula with the addition of 1 mg potassium brom,ate per 100 g of flour. 


ANALYSIS OF VARIANCE 


Source of variation 

Degrees of freedom 

Mean square 

F 

.Varieties, V 

3 

17,274 

12.2t 

Ferm€iitatio,n periods, F 

1 

56,033 

39.6* 

Blends^ B 

2 

5,790 

• 4.1 

FXB. 

2 ' 

10,103 

7.1* 

VXF ' 

3 

10,875 

7.7* 

VXB 

6 

3,237 

2.3 

V X F X B (Error) 

6 

1,415 


.'Between duplicates 

24 

1,278 


Total 

47 

10,605 



* Exceeds 5% point, 
t E®:ceeds 1 % point. 


reduce the flour per bushel of wheat ' purchased to a much 

greater extent, than is indicated in these studies; in addition, a some- 
what shorter extraction would be necessary in order to produce flours, 
of a given ash' content, than would be the case with sound .wheat. A 
heavier bleaching treatment ' would^ doubtless also be required where 
scabby wheat is present in the .mill .mix. The, strength of the flour 
from scabby wheat, as measured by 'loaf - volume, and the oxidation, 
mixing, and fermentation requirements for optimum baking results 
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do not differ materially from sound wheat. Since the undesirable 
handling properties and the inferior crumb color of the bread are largely 
minimized when the flour from scabby grain is blended with that of 
normal wheat, scabby wheat does not present a serious problem from 
the baking standpoint. 

Summary 

The eftect of scab, caused chiefly by the fungus Gibberella mae 
(Schw.) Fetch {G, saubinetii Auct,) on physical and chemical properties, 
milling, and baking value was studied with four hard red spring wheat 
varieties — Thatcher, Regent, Ns 2829, and Ns 2822, each of which 
was separated into sound (scab-free) and scab infected portions. 

Scab infection markedly lowered test weight, weight per 1,000 
kernels, and also decreased the apparent specific gravity of the kernels. 

Flour yield was slightly but significantly decreased by scab infec- 
tion. Ash and reducing sugar content of the flours milled from the 
scabby wheats were somewhat higher, and the carotinoid pigment 
content considerably higher, than that of the corresponding flours 
milled from sound w^heat. 

Differential baking tests with flours representing sound and scabby 
Thatcher and Ns 2829 showed that the absorption at mixing time, 
and the oxidation, mixing, and fermentation requirements of the flours 
from sound and scabby wheat were essentially similar. Doughs made 
with flours from the scab infected wheats had wet, sticky surfaces, 
collapsed readily, and markedly decreased, in consistency as fermenta- 
tion progressed. These doughs produced bread wdth a darker crust, 
and with a duller and more yellow crumb color than the corresponding 
doughs made with flours from sound wheat; also they exhibited a 
characteristic tendency to “cup’^ or puli away from the bottom, of the 
baking pan. 

These undesirable baking properties of flours from scabby wheat 
were greatly minimized when the flours w^ere blended , with those' from' 
sound wheat. The loaf volumes of blends containing up to 30%. of 
flour from scabby wheat compared favorably with those fo,i: flours 
milled from sound .wheat. 
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THE EFFECT OF VARIATIONS IN CANADIAN SPRING 
WHEAT ON THE THIAMINE AND ASH OF LONG 
EXTRACTION FLOURS ^ 
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Several investigations of the effects of variety, soil, and climate upon 
the amount of thiamine in wheat have already been reported. It has 
been established that, in general, hard wheats are higher in thiamine 
than soft w^heats (Downs and Cathcart, 1941; Sherwood et al, 1941). 
It has also been shown that environmental conditions have a very 
marked influence upon the thiamine content. Nordgreii and Andrews 
(1941) found that the same variety grown in different locations ex- 
hibited great differences in thiamine. Recent studies of winter wheats 
by O'Donnell and Bayfield (1943) have confirmed the conclusions that 
thiamine content is influenced by variety, location, and climate. 
Seasonal variations were found to be considerable; the same varieties 
grown at the same stations were, on the average, 15% higher in 
thiamine in 1942 than in 1941. O’Donnell and Bayfield could find no 
significant correlation between thiamine and protein or between thia- 
mine and wheat ash, but the authors believed that conditions which 
favored high protein and ash levels also tended to produce wheat high 
in thiamine. 

Geddes and Levine (1942) showed that most of the thiamine of the 
wheat plant was present soon after blossoming and was thereafter 
translocated into the developing kernels. The mature kernels con- 
tained approximately 77% of all the thiamine in the plant, 

Johannson and Rich (1942) conducted a survey of the 1940 Cana- 
dian spring wheat crop. Their results gave a mean value of 3.93 jug 
of thiamine per gram (1.78 mg/lb) with a standard deviation of 0.76 
jtig/g and a range of 2.2 to 8.0 jug/g .(LOG- to 3.63 mg/lb). The means 
for the^ three Prairie Provinces showed no significant differences, but 
samples.drom Alberta' were' more variable. No '.correlation between 
thiamine and protein was found, though the fact that shrunken, kernels 
were higher in thiamine than starchy kernels suggested that, high 
protein crops would tend , to , be ■ high 'in thiamine. They could not 
relate their thiamine results to soil types. 

Studies of the 1939 and 1940 crops carried out by Whiteside and 
Jackson (1943) proved that the varieties of spring wheat grown :, in' 

1 Paper No. SdentiSc Joomal Series, Minnesota. Agricultural Experiment Station. This 

S sr represents a portion of a thesis to be presented to the Graduate &hool of themniversitsr of 
nesota in partial folfillment of the re^ireanents fen the degree of Doctor of Philosophy, 

» Cbemlit* Western Canada Flour Mills Co. Ltd*, Winnipeg, Manitoba. 

* Chief Cfeetnfet, Western Canada Flour Hiiia Co. Ltd*. Winnipeg, Manitoba. 

' ^ * Professor of Agricnltnral BicMSh«iimat,3ry, of Minnesota, St. Paul, Minnesota. 
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Western Canada were significantly different in thiamine content. A 
statistical analysis of their data also convinced these authors that 
thiamine content was influenced by the same environmental factors 
that influenced protein, kernel weight, and bushel weight.’* 

In Canada, where the sale of flour or bread enriched with synthetic 
vitamins is forbidden, the government has encouraged the consumption 
of a flour officially designated as Vitamin B White Flour.” At the 
end of August, 1943, the definition of this flour was amended to include 
a maximum dry-basis ash limit of 0.70%, as well as a minimum dry- 
basis thiamine limit of 400 LU. per lb (2.64 fig/g or 1.20 mg/lb). 
Though it is now known that variations in the thiamine content of 
wheats may not be reflected in the patent 'flours milled from, those 
wheats, such variations do influence the thiamine of the long extraction 
flours (about 80%) advocated in official quarters in Canada. 

Alcock (1943) has estimated that during the last nine months of 
1942, Vitamin B White Flour constituted about 7% of the total volume 
of flour sold in Canada. Although the annual production of this flour 
is thus only about 700,000 bbl, its manufacture creates problems for 
the millers out of all proportion to the quantity involved, since it is 
made in small lots by mills scattered all over the country. Such opera- 
tions are, in any case, notoriously difficult to control, and in this 
instance the difficulties are exaggerated by the opposing demands for 
low ash and high thiamine. The zone of safety between failure to 
meet the ash specification on the one hand, and failure to meet the 
thiamine requirement on the other, may be fairly wide in some mills 
and nonexistent in others. Differences in milling conditions and in' 
mill equipment are factors, but one of the purposes of this paper is to 
show that the seasonal and local variations in the amounts of ash and 
thiamine in available wheat supplies exert an important, influence 
on the problem of milling Vitamin B White Flour. 

Aside from these very practical considerations, scientific interest 
in the natural variations in the thiamine content of wheat, their range,' 
causes, and relationships to other characteristics of the grain,, is far 
from exhausted. No thiamine data. have yet been published for the' 
Canadian spring wheat crop. of 1941 and, accordingly, while our surv^ey 
was limited in^ scope, a brief report. of our results will precede the 'dis- 
cussion of, t,he problem of milling long extraction flours' to ash. and 
thiam,ine specifications. 

. Material's' :and Methods - 

,, Three' .hundred' and, eighty-thr^ sam'ples of spring %vheat from points 
fairly. 'Well scattered, over :'th'e.tii'ree'''Prairie, ''Provinces were analyzed for 
protein and thiamine. In addition', samples of Marquis and Thatcher 
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grown at five stations, and of Red Bobs grown at three of these stations, 
were supplied to us through the kindness of Dr. C. H. Goulden, 
Dominion Rust Research Laboratory, Winnipeg, These pure varieties 
and the products obtained from them by experimental milling were 
analyzed for thiamine and ash. xAll the samples were grown in 1941, 
a year ivliich produced the highest protein crop on record. 

Thiamine assays were made by the rapid method described by 
Hoffer, Alcock, and Geddes (1943), while the milling was carried out on 
a Buhler experimental mill. 

Results and Discussion 

Restills of Tkmmine Surrey. Thiamine and protein results for the 
sur\'Ty, samples, grouped according to provinces, are summarized in 
Table L 

TABLE I 

Thiamine and Protein Results by Provinces for Wheat Samples 
OF THE 1941 Crop 


Province 

1 

‘ No. of 
samples 

1 Thiamine 

Protein 

Mean 

Range 

Std. dev. 

Mean 

Range 

Std. dev. 



figjs 

fiSli 

fiilS 

% ■ 

% 

% 

Manitoba 

93 

4.61 

3.0-5.5 

0.50 1 

14.59 

12,4-17.6 

1.03 

Saskatchewan 

182 ! 

4.60 

2.9--6.3 

0.57 i 

15.57 

12.2-17.6 

0.92 

Alberta 

108 1 

4.44 

3.1~6.i 

0.61 1 

14.79 

12.1-17.8 

1.20 

Total i 

383 

4.56 

2.9-6.3 1 

0.57 

15.11 

12.1-17.8 

1.13 


Histograms shoeing the distribution of thiamine in all the samples, 
and for the samples segregated by provinces, are given in Figure 1. 

The' mean thiamine value for all samples was 4.56 /xg/g (2.07 mg/Ib) , 
.with a standard deviation of 0..57 and* a range of 2.9 to 6.3 jug/g (1.32 
,tO'2.86 mg/lb). , 

'■ Samples from Manitoba and Saskatchewan had the same average 
thiamine value, though differing by 1% in protein content. Alberta 
samples were significantly lower in 'thiamine. Manitoba samples were 
the least variable, while samples from Alberta, as was found by Johann- 
son and ' Rich ,(1942), displayed the greatest variability. Anderson and 
Eva (1943), on the basis of d,ata CQveri.n,g' a period' of 12 years, report 
that wheat .grown in Manitoba is the most uniform, and Alberta wheat 
the most variable with respect to .protein content. Such results are 
not unexpected, since in Alberta, wheat' is grown over. the widest 
range of latitude. . a,nd elevation 'and on soils which show the widest 
variability, while in Manitoba the wheat-growing area is much smaller 
than in the other two provinces. 
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Fig. 1. Frequency distribution histograms for each province and for ^ the thr^ provinces combined, 
showing the number of samples falling within each 0.5 iigli thiamine range. 


A map showing the results of the thiamine survey is reproduced in 
Figure 2. 



Fig. 2. ' Map of Western Canada zoned according to the thmmine values of 8ur\'ey amples, 1941 crop. 


Because of the small number of samples in relation' to the size of 
the wheat-growing area, the map iS'.very considerably, idealized, and it 
must be admitted, that the boundaries' of the. thia,mine zones were by 
no means as sharp as is indicated.- .-The ,m,,ap should therefore be 
accepted' as 'to illustration" "of ^the-ftot.-that samples 'of differeiit' thiamine 
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content were by no means randomly distributed ■ but were roughly 
grouped into zones. The thiamine zones showed no relation to soil 
zones nor to the protein map for the season. 

Thiamine and Soil Zones. The results for Saskatchewan and 
Alberta samples were classified according to. the soil zones on which 
the wheats were grown, as shown in Table 11. 


TABLE II 

Thiamine an-d Protein Results for Saskatchewan and Alberta Samples of 
THE 1941 Crop Grouped According to Soil Zones ^ 


Soil zone 

,No. of 
samples 

Thiamine 

Protein 

Mean 

Range 1 Std. dev. 

Mean 

Range 

Std. dev. 




Mis. j 

C’’ 

Vc 

1 1 

% 

9c 


SASKATCHEWAN 


Black 

56 

4.50 

3.2-6.0 

0.51 

15.65 

12.2-17.6 

0.89 

Dark brown 

59 

4.74 

3.3-6.3 

0.66 

15.85 

14.2-17.0 

0.72 

Brown 

59 

4.59 

2.9-5.8 

0.56 

15.25 

13.2-17.4 

1.01 

ALBERTA 

Black 

■ 48 

4.48 

3.2~5.8 

0.61 

14.38 

12.1-17.8 

1.17 

Dark b,rown 

37 

4.46 

3.1-6.0 

0.67 

15.15 

12.9-17.5 

1.03 

Brown 

22 

4.34 

3.2~5.3 

0.48 

15.10 

12.1-16.7 

1.29 


SASKATCHEWAN 

AND ALBERTA COMBINED 



"Black 

104 ■ 

4.49 

3.2-6.0 

0.56 

15.07 

12.1-17.8 

1.21 

Dark brown 

96 

4.63 

3, 1-6.3 

0.68 

15.59 

12.9-17.5 

0.92 

Brown 

i 

81 ■ 

4.52 

2.9~5.8 

0.55 

15.21 

12.1-17.4 

1.09 


,, i Eight Saskatchewan and one Alberta sample came from the Gray Soil Zone and hence are not 
included in .the above Table. 


'■ The following description, of - the three soil zones referred to in Table 
II is taken from a report by Joel et al (1936).. , 

*iIji 'the southwestern section of the areaJSaskatdiewan) lies the Brown Soil Zone 
corresponding to the ^short-grass prairie region. In this zone the prevailing, surface 
color of the soil is a light or drab brown. The relatively, low moisture efficiency .has 
allowed only a short thin cover of natural vegetation, with the result that the amount 
of organic matter is relatively low. 

^‘*The Dark Brown Soil Zone corresponds closely to the intermediate prairie' 
, region^ and the darker color of the surface soil reiects .somewhat better moisture 
' conditions and heavier vegetative cover of this region.: 

' , ** The Black Soil Zone corresponds to the tall-^rass prairie region and here the more 
hnmid ^ climate and heavy grass growth give rise to dark-colored soils having the 
' highest organic matter content to be found in the- Province,.'' „ ' 

The Dark Brown Soil Zone of Saskatchewan , produced wheat sig- 
nificantly higher in thiamine than the other soil zones When, bow- 
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ever, the results for the three soil zones in both provinces are studied, it 
becomes apparent that the data show no effect of soil zone on thiamine 
content. In spite of this, and of the fact that Johannsoii and Rich 
(1942) report a similar negative finding, it is probably too early to say 
that no relationship exists between thiamine and soil zone. A close 
concordance was found by Anderson and Eva (1943a) between the soil 
zone map of Western Canada and a protein zone map drawn on the 
basis of the results of sur\^eys covering a period of 12 years. Neverthe- 
less, in some of the individual years, the outlines of the soil zones could 
not be detected in the protein maps. More extensive thiamine surv’eys 
which reach into the Gray Soil Zone may still reveal a relationship 
between thiamine and soil zone. The small differences in the average 
protein levels of our samples from the three soil zones lead to the belief 
that our data do little to rule out the possibility of such a relationship. 
We suspect that it does exist, though of course the character of the soil 
itself may not be the determining factor but rather the continuing 
climatic differences of which the soil zones are, to a large extent, the 
consequence. 

No explanation can be suggested for the relatively high standard 
deviation shown by the results of the thiamine determinations on 
samples from the Dark Brown Soil Zone, especially when it is con- 
sidered in relation to the low standard deviation of the protein content 
in this zone. 

Relation between Thiamine and Protein. The correlation' coefficients 
between thiamine and protein for the three provinces and the three 
soil zones in Saskatchewan and Alberta are shown in Tables III and IV. 


TABLE in 

Correlation Coefficients between Thiamine and Protein by Provinces for. 
Wheat Samples of the 1941 Crop 


Province 

No. of samples 

Correiation 

!%, PO'int 

Manitoba, 

93 

+0.306 

0.266 . 

Sa,skatchewaii 

182 

. +0.354 

0.190 , 

Alberta ' 

108 

+0.338, 

0.247 

Total 

383 

+0.326 

, 0.132 ; ' 


TABLE IV 



,>CORRELATION ■ COEFFICIENTS' BETWEEN' ThIAMIHE AND, PROTEIN 

BY' Soil Zones . ,.' 

, FOR Saskatchewan 

AND Alberta Wheat Samples , of the 

1941 Crop 

So,il , ■ 

, Ho. of spamples ' 

C'i:rre,lation 

Point 

' Black 

: : :104. 

,^"+0„382 

0.252 

, Dark brown ■' 

96 

, ''+0.350" . 

0.262 

Brown 

81 

+0'J96' 

0.283 
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The correlation between thiamine and protein for each of the three 
provinces and for each of the three soil zones in Saskatchewan and 
Alberta was' significant. The association between thiamine and pro- 
tein is made still more evident by the arrangement of the data shown 
in Table V, where all the samples have been grouped according to 
protein content, and the calculated average thiamine content' of each 
group is given. 


TABLE V 

Thiamine Values for Wheat Samples of the 1941 Crop Grouped 
According to Protein Content 


i 

i 

Protein 

1 Thiamine values 

Man. 

1 Sask. ' . 

Alta. 

Total 

% ; 

1 

hIs \ 

figli 

m/s 

Mils 

Under 13,9 

4.36 

4.11 

4.26 

4.28 

14' to 14.9 

i 4.64 

4.38 

1 .4.21 

4.42 

15 to 15.9 

4.74 

4.60 

4.65 

4.64 .. 

16 to 16.9 ' i 

4.83 

4.76 1 

4.65 

! 4.75 

Over 17' 

— 

4.98 i 

1 

5.20 

5.05 


A scatter diagram of thiamine on protein is shown in Figure 3. 



13 14 ' 15 ' 16 , ■ 17 


PROTEIN' V*. , 

Scatter diagram for thiamine and 'protein content hi' wheat' samples,' 19'4''l crop'.' 'The 
8dM the leffession line of thiamine 'On protcm and 'the broken' line the regression, line -of protein 
on thmaiiae. Correlation co^cient is -fO.326. , 
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Because the points are so widely scattered on the correlation surface, 
it is impossible to predict the thiamine content of a sample of countr^'- 
run wheat from the amount of protein it contains. The protein in mil! 
mixtures and shipments from terminal elevators, which consist of 
blends of wheats from many parts of Western Canada, should, how- 
ever, afford a basis for the prediction of vitamin content. 

. Seasonal Variations in Wheat Thiamine, From the work of Geddes 
and Levine (1942) it is evident that after blossoming, there is a steady 
movement of thiamine from the stems, leaves, and glumes of the wheat 
plant to the growing kernels, with but little net gain in the amount of 
thiamine in the plant as a whole. In a year of low yield per acre, the 
plant thiamine is distributed over a smaller number of kernels, or the 
kernels are thin and shrunken because normal filling has not occurred. 
In either case, a relatively high thiamine content is to be expected in 
the seed. .,On the other hand, the work of O'Donnell and Bayfield 
(1943), to which reference has already been made, leads to the con- 
clusion that the longer the filling and ripening period, the higher will 
be the test weight and the lower the thiamine content of the crop. A 
negative correlation is therefore to be expected between yield per acre 
and thiamine content. Up to the present, limited studies have been 
made of only three Western Canadian crops. As far as they go, these 
studies confirm the expected relationship, as is shown in Table VI. 


TABLE VI 

Thiamine Content and Yield of Three Western Canadian Wheat Crops 


Year 

Mean yield 

Thiamine 


bu/acre 

tJ-gk 

1940 

18.5 

3.93^ 

1941 

12.9 

4.56 

1942 

28.6 

3,45^ 


^ Johannson and Rich (1942). 

2 Average of 236 samples tested in the laboratory of the Western Canada Flour Mills Co., Ltd. 


Preliminary data for 1943, when the yield of wheat per acre was 
16.7 bu, indicate a mean thiamine content between 3.9 and 4.6 jiig/g 
(1.77 and 2.09 mg/lb). 

Relation between Thiamine and Ash, Under the latest regulations, 
the long extraction flour advocated by the Canadian government, 
called Vitamin B White Flour, must contain, on a moisture-free basis, 
not more than 0.70% ash and have a natural thiamine content of not 
less than ■■2.64:jLtg/g, (400 I.U.,, or 1.2.mg/lb). 'Previously, any product 
which met the legal definition for flour could be packed as Vitamin B 
White Flour, provided it carried the required amount of thiamine 
and this; thiamine was derived from the wheat kernel. Since the ash 
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in fl;Our is related to the ash content of the wheat milled (Sherwood and 
BaiieVj 1928), it is evident that the ratio of thiamine to ash in available 
wheat supplies has become a matter of importance for Canadian millers 
with the adoption of an ash limit for Vitamin B White Flour. 

The regulations referred to were only announced after the work 
described in this paper had been completed and no attention was given 
to the ash content of our survey samples. However, ash and thiamine 
determinations were made on a few samples of pure varieties grown 
at different stations in 1941, and since these results may now possess 
some current interest, they are recorded in Table VIL 


TABLE VII 

Ash and Thiamine Values and Ratios of Thiamine to Ash for Pure Wheat 
Varieties Grown at Five Stations 


Station 

i 

1 

Marauis j 

Thatcher 

Red Bobs 

! 

Ash : 

1 

Thianiinei 

T/A 

Ash 

Thiamine 

T/A 

Ash 

Thiamine 

T/A 


% ! 

mfg 


1 % i 

fiilg 


% 

figlg 


Brandon 

1.69 ! 

4.46 1 

2.64 

1.66 ! 

4.33 

2.61 

' 

— 

^ — 

.Indian Head 

1.75 

1 4.17 

2.38 

1.66 

4.46 

2.69 

— 

— 

— 

Meifort 

1.28 

i 4.08 

3.19 

1.35 

4.00 

2.96 

1.24 

4.43 

3.57 

Edmonton 

' 1.40 

1 4.10 

2.93 

1,45 

5.03 

3.47 

1.27 

4.33 

3.41 

Lacombe 

1.44 

3.83 

2.66 

! 

1.30 

4,41 

3.39 

1.34 

3.90 

2.91 


It is clear, even from our very limited data, that the ratio of thia- 
mine to ash in wheat varies widely. A mill grinding such wheat as is 
represented by the samples from Lacombe, Edmonton, and Meifort 
might be expected to experience less difficulty in producing long extrac- 
tion flours to meet thiamine and ash specifications than a mill using 
wheat represented by the Indian Head and Brandon samples. The 
Marquis and Thatcher samples for both groups were approximately 
the same in thiamine content, but in the first group, the ash content 
was definitely lower— 1.37% as compared with 1.69%. 

The results of experimental milling tests, using a Buhier mill, bore 
out these expectations. All the Marquis and Thatcher , samples were 
milled, and, ash and thiamine determinations were made on all the mill 
products,, consisting of six flour streams, shorts, and bran from each 
milling. Regression curves for thiamine on ash, each based on. the 
data for both ^samples from each .station, are reproduced ■ in ' Figure 
4 (a). The fact that all the curves have approximately the same slope 
sliows that the distribution of the, total ,thiamine and ash throughout 
the kernels is very similar in all five pairs of samples. The loW' thia- 
mine-ash ratio in the Indian Head .and' Brandon samples: is .not,' there- 
fore, counterbalanced by a more favorable , distribution of,' 'thiamine in" 
relation to ash in the kernels. 
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The problem of the miller is brought out, perhaps more clearly, by 
a somewhat different treatment of the data. From the ash and thia- 
mine results on the mill products from, the two groups of samples — 
Group (A), consisting of the six samples from Lacombe, Edmonton, 
and Melfort, and Group (M), the four samples from .Indian Head and 
Brandon — the cur\ms shown in Figure 4 (b) were calculated. In' these 
curves the increase in the thiamine content is plotted against the in- 
crease in ash content which occurs as the extraction is lengthened. 
It is realized that if these two mixtures had been milled in a commer- 
cial mill instead of a Buhler, curves of different shape would probably 
have been obtained. Nevertheless, it is believed that the curves would 




2 4 6 0.8 1.3, ' 18 

ASH, % ASH. % 

a b 

Fig. 4. (a) Curves showing the regression of thiamine on ash in Buhler mill streams, obtained 

by milling Thatcher and Marquis samples from the following five points: (I) Edmonton, (2) Melfort, 

(3) Lacombe, (4) Brandon, (5) Indian Head. 

(b) Curves showing the increase of thiamine with the increase in ash content as extraction is 
lengthened. The point for 0.70% ash and 2.64 }xg of thiamine per gram is indicated. Curve (A) 
includes the samples from Lacombe, Edmonton, and Melfort. Curve (M) includes samples from 
Brandon and Indian Head, 

still have been essentially parallel and that the height above the base 
line in the critical ash range, about 0.70% (moisture-free basis) as 
elsewhere, would have been significantly greater in one case than the 
other. 

The territory in Western. Canada devoted to wheat growing is large 
and some mills are obliged to draw their wheat supplies from limited 
areas. ■■ Our results indicate that in a mill grinding wheat having a 
low thiamine-ash ratio,' whether that low ratio is d,ue to low vitamin or 
to high' ash, the production of long extraction fiours defined with respect 
tO' both "ash, and thiamine may be.' a 'matter' of great difficulty, or even 
an impossibility.,, Another' '.mill, ''draw'ing its wheat from a different „ 
territory, may be able to meet the same specifications with ease. That 
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such differences do occur is already a matter of genera! commercial 
experience. 

We,, ourselves, have a detailed knowledge of only two mills drawing 
their wheat supplies from different areas. One of the mills is in Winni- 
peg and draws its supplies mainly from Saskatchewan and Manitoba. 
Over a period of several months this mill has produced Vitamin B White 
Flour containing, on a dry basis, 0.685% ash and 2.72 jug of thiamine 
per gram (L23 mg/!b). When it is remembered that any decrease in 
ash requires a sacrifice in thiamine content, and any increase in thia- 
mine can only be obtained by increasing the ash, it wdl! be readily 
agreed by those who have had experience in mill control and are aware 
of the uncertainties of the thiamine determination, that these mean 
values indicate an inadequate margin of safety to take care of varia- 
tions in operating results, sampling errors, and discrepancies in the 
results of different laboratories. It is scarcely necessary to say, there- 
fore, that on some runs this mill produced flour which contained, at 
the same time, more than 0.70% ash and less than 2.64 ng of thiamin 
per gram (1.20 mg/Ib). The other mill is located in Calgary and grinds 
mixtures made up entirely of Alberta wheat. During the same period, 
its Vitamin B White Flour averaged 0.675% ash and 2.88 Mg of thiamine 
per gram (1.31 mg/lb). Here the margin of safety, though perhaps not 
adequate, is much wnder than at Winnipeg, and according to the con- 
trol laboratory's data, none of the Calgary flour failed to meet the 
specifications. 

Five representative samples of the wheat mixtures from each mill 
were milled on the experimental mill. The shorts was divided into 
two portions by bolting on a 54GG sieve, so that', nine samples were 
obtained from each milling. All 90 samples were analyzed for mois- 
ture, ash, and thiamine, and taking average results, the ash and thia- 
mine values for products representing increasing percentages of the 
Winnipeg' and Calgary wheats were calculated. The results are given 
in Table VIIL ' 

These data support, the view that the' differences in the Vitamin B 
White Flour produced at the two miHs 'Were due ‘to differences in the 
wheat. Calgary, wheat was higher in. thiamine and, somewhat, lower 
in ash and, when experim'ental'ly' milled under the same conditions, 

, yielded, at eveiy^ level of extraction,, products' possessing a higher' 
tHamine-ash ratio than Winnip^- wheat. Wheat, mixtures showing^ 
much wider differences in thiamine-ash ratio , could' undoubtedly . be' 
found in other mills in Western Canada, and it would thus.' seem that 
any legal maximum ash limit, for flours milled to meet a minimum 
natural thiamine requirement, must either be so low as to work a 
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TABLE Vin 

Thiamine ^ and Ash ^ Results for Buhler Experimental Mill Products from 
Commercial Wheat Mixtures 


Winnipeg wheat mixtures 

Calgary wheat mixtures 

Extraction 

Ash 

Thiamine 

T/A 

Extraction 

Ash 

Thi.aniiiie 

T/A 

% 

% 

Jiglg 


% 

% 



43 

0.51 

0.77 

1.51 

40 

0.50 

0.79 

1.58 

59 

0.53 

1.04 

1.96 

56 

0.51 

1.05 

2.06 

70 

0.58 

1.57 

2.71 

69 

0,55 

1.60 ^ 

2.91 

73 

0.60 

1.61 

2.68 ; 

71 

0.55 

1.64 

2.98 

78 

0.71 

2.46 

3.46 

77 

0,66 

2.56 

3.88 

83 

0.94 

3.10 

3.30 

82 

0.90 

3.40 

3.78 

100 

1.82 

4.45 

2.45 

100 

1,77 

4.84 

2.73 


1 Ash and thiamine are on dry matter basis. , 

s Short extraction flours from the Buhler mill are relatively high m ash and thiamme. 


hardship on some mills, or so high as to provide no control over the 
color and other grade characteristics of the flour. 


Summary 


Thiamine values for 383 samples of hard red spring wheat grown in 
Western Canada in 1941 ranged from 2.9 to 6.3 ixg/g (1.32 to 2.86 
mg/lb) with a mean of 4.56 jug/g (2.07 mg/ib). 

Alberta samples were significantly lower and more variable in 
thiamine content than Saskatchewan or Manitoba samples. 

A significant positive correlation betw^een protein and thiamine was 
found. 

A negative correlation between mean yield per acre and average 
thiamine content of Western Canadian wheat crops was indicated by a 
study of the available data for three seasons. 

The relationship of thiamine content to ash content varies widely in 
wheats grown in different localities. These variations are reflected in 
the thiamine-ash ratios of long extraction flours, with the result that 
some commercial mills have considerably more difficulty than others 
in producing such flours within specified ash aiid thiamine limits. 
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THE EFFECT OF SOME' WETTING AND REDUCING 
AGENTS ON THE MIXING TIME AND ON THE 
QUALITY OF BREADS 

C. O. Swanson and John A. Johnson 

Agricultural Escperiment Station, Manhattan, Kansas 
(Received for publication December 8, 1943) 

, ' It is generally accepted by bakers that go<xi quality bread will result 
only.'wiien the mixing time employed closely approaches the optimum. 
The .optimum mixing time of a. particular flour may be too long or too 
short -,to fit t,he shop schedule,. Also, a flour with short mixing require- 
ments may be too sensitive to- o¥ermixing-a,'iid a flour with long mixing 
time calk for a large expenditure of energy. It would' therefore bC' de- 
sirable if the optimum for the flour .-could be changed to meet shop 
conditions. This investigation was made to study some of the effects 
of changing the optimum mixing time, by use of various agents, on' the 
quality of bread from flours differing i,n. their normal 'mixing require- 
ments. ■ ' ,, ; 

CoBtritetidii 195, IiwiastiT,;, 
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Review of Related lavestigatioES 

Swanson and Andrews (1942) showed that surface active agents^ 
notably Aerosol OT (sodium dioctylsulfosuccinate), increased the mix- 
ing time. The 3 ' suggested that these agents caused a certain type of 
protein denaturation which allowed greater inter- or intramolecular 
penetration of water. Such modification of the gluten proteins should 
influence the baking characteristics. They also demonstrated (1943) 
that surface active agents influence principally the proteins. These 
authors (1944) further presented some baking data which indicated 
that the use of Aerosol OT and cysteine (cysteine monohydrochloride) 
to change the mixing requirement did not injure the loaf volume or 
texture of bread. 

The reduction of the time required to mix a dough to minimum mo- 
bility by compounds containing free -SH groups has been demonstrated 
by several workers. Jprgensen (1936) presented farinograms and bak- 
ing data showing that 0.1% glutathione greatly affected the physical 
properties of dough and also had a harmful action on bread quality. 
Yeast water had similar effects. Potassium bromate tended to reduce 
the harmful effects. J0rgensen (1936) and Balls and Hale (1936) 
stated that glutathione activated latent proteolytic enzymes. Later, 
Balls and Hale (1936a) suggested that glutathione did not activate the 
enzymes but rather activated the gluten proteins, thus making, the 
proteins more sensitive to enzymatic attack. 

Sullivan, Near, and Foley (1936) found that fresh w^heat germ and 
also its water-soluble fraction reduced the time required to mix a dough 
to minimum mobility but injured the baking quality. Later, Sullivan, 
Howe, and Schmalz (1936) isolated glutathione from the germ extract 
and found that this reduced the mixing time and quality of the baked 
loaf in a similar manner to the glutathione prepared from yeast. 
Potassium bromate tended to reduce the harmful effects of glutathione. 

Freilich and Frey (1939) sho’wed that cysteine and glutathione pro- 
duced very harmful effects, in bread and also that these could be partly, 
overcome by mixing in oxygen. Ziegler (1940, 1940a) demonstrated 
that KBrOg oxidized the GSH .(glutathione) form . to the GSSG form 
and that, this oxidation proceeded slowly in^ a fermenting' dough. 

Swanson (1940) demonstrated' by -mixograms (Swanson and 'John- 
son,' 1943)" that cysteine decreased the mixing .time and increased' the 
rate, of breakdown. Swanson and Andrews ,. (1944)' showed that 
cysteine and' .other reducing' agents changed the mixogram patterns 
and that this ,W''as pro.pO''rti'Ona,I 'tO' thC' molecular concentrat ion of these 
■agents. ' The.' similarities of patterns 'obtained.' with cysteine 

and other agents containing -SH groups suggest that these groups are 
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the causati\’*e components. Sodium chloride tended to minimize the 
effects of cysteine. 

Ofelt and Larmour (1940) have also shown that cysteine reduced 
the mixing time and that the effect was greater with increasing amounts 
of cysteine. Cysteine did not cause an,y significant change in loaf 
volume, l3iit an improvement in the texture was noted. . They ex- 
pressed the view that the action of cysteine was a colloidal effect on the 
gluten rather than an activation of enzymes. 

General Plan of Investigation 

Maierials. Tenmarq with a normal long mixing requirement and 
Chiefkaii with a shorter mixing requirement were the varieties chosen 
for these studies. Both flours had 12.6% protein and the flour ash 
was 0.43% for Tenmarq and 0.45%; for Chiefkan. Both flours were 
composited from several smaller samples of experimentally milled flour. 
Data given later show that the mixing time of the Tenmarq flour was 
about normal for that variety, while for Chiefkan flour it was about 1 
miiiut e,.lQ.q.g , g rthan usual for that variety. 

formulas were employed: namely, the malt- 
phosphate-bromate (Nl^^Ltemula of Aitken and Geddes (1934) and 
a rich formula which and Larmour^' 

1940). The Swanson-Working ■ type mixer useanS?r^sp"eed 98 
rpm. The baking absorption for each flour was 64%. A standard 
fermentation of 3 hours and a 55-minute proof was used with both 
formulas. The loaves were baked at 425°F for 25 minutes. Loaf 
volumes were measured immediately upon removal from oven. Crumb 
color and texture scores were made the next day after baking. All loaf 
volumes are the averages. of duplicate bakes., ' ' 

The variables were: (1) substances which influence the mixing time; 
(2) their amounts; (3) the duration of m.ixing; and (4) varying amounts 
of potassium bromate. Two surface- active agents were employed, 
Aerosol OT and sodium lauryi sulfate. Three reducing agents were 
employed: cysteine; boiled yeast extract, prepa,red according to the 
method of J^^rgensen (1936); and H^S-saturated' water, prepared by 
bubbling hydrogen sulfide through water. ' AH solutions were made on 
the day of baking and added to the -other baking' ingredients in ' the 
mixing bowl. 

Experimental Results 

MesuMs fmm MPB Formula. ■- ' The effects of' wetting and reducing 
agents on baking results obtained with the malt-phosphate-brO''mate' 
formula and optimuin mixing time are presented in Table L 
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TABLE I 

Effects of W’etting and Reducing Agents on Baking Results, Employing ibb 
MPB Formula and Optimum Mixing Time 


Treatment 

Cone. 

Mixing 

time 

Loaf 

volume 

Grain 

texture 

Crumb 

color 

1 Doiigb cliaracteris- 
1 tics at pan stage 



min 

cc 

% 

Pc 

1 

i 


TENMARQ 


Check 

% 

4.0 

885 

75-0 

85cy 

Buck}." 

Aerosol OT 

0.06 

4.5 

845 

73-0 

85cv 

Bucky 


0.12 

5.8 

820 

70-O 

85cv 

Biickv 


0.24 

8.0 

750 

65-0 

85cy 

Very bucky 

Sodium lauryl 

0,04 

4.0 

838 

78-0 

85cv 

Bucky 

sulfate 

0.08 

4.5 

755 

70-O 

83cy 

Soft 


0.16 

4.5 

625 

60-O 

SOcy 

Soft 

Cysteine 

0.005 

2.0 

950 

83-0 

85cy 

Very good 

0.010 

1.5 

950 

83-0 

85cy 

Ver>' good 


0.020 

L2 

900 

85-0 

85cy 

Very^ good 

Boiled yeast | 

ml 

3 

2.7 

■ 953 

SO-o i 

83cy 

i 

'Ver>*' good 

extract 

6 

2.0 

920 1 

75-0 i 

SOcy 

Very good 


12 

L8 ' 

873 

65-0 1 

78cy 

Soft 

H 2 S-saturated ^ 

3 ' 

3.5 

890 

80-O 

SOcy 

Soft and elastic 

water 

6 

3.0 

885 

82-0 

SOcy 

Soft and elastic 


, 1.2 

3.0 

893 

82-0 

SOcy 

Soft and elastic 


CHIEFKAN 


Check 

% 

2.3 

800 

75-0 

I SOcy 

Puttylike 

Aerosol OT 

\ 0.06 

3.0 

793 

77-0 

! SOcy 

Puttylike 


0.12 

4.0 

805 

I 77-0 ! 

SOcy 

Puttylike . 


0.24 

'5.5 

780 

75-0 

i . 

S2cy 

Po.ttylike 

Sodium' lauryl 

0.04 

I 

1 2.3 

670 

■■7'0-c 

; SOcy 

Puttylike 

.sulfate 

0.08 

> . 2.3 

715 

■ ' 65-c 

i SOcv 

'So'.ft' 


0.16. 

: '2.2 

635 

' 60-c 

: SOcy : 

: Soft and sticky 

Cysteine ^ 

0.005 

2.0 

815 

l . 77-0 

1 . Slcy 

iSoff 

0.,0.1..0' 

1.6 

810 

.77-0 

1 SZcy 

! &>f t 


0.02'0. 

,1.5 

795 


S2cy 

Soft, 

Boiled yeast. 

ml 

3 

2.0 

780 

77-0 ' 

SOcy .j 

Soft .' ' 

e.xtimct;. 

6 

1.7 

750 

72-0 

SOcy ! 

Soft and sticky 


: ..... 12 

1,5 

700 

60-0 

SOcy i 

Very soft 

.H'sS-^turated.; ,/■ | 

...'....3 

2.0 

775 ■ 

78-0 

SOcy 

&>ft 

water 


LS 

' 795 1 

77-0 

SOcy 

Soft 


.. . 

L6 

770 ^ 

77-0 

BOcy 

Soft 
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The mixing times used were those needed to produce doughs of 
optimum consistency. The addition, of increments of Aerosol OT 
gradually lengthened the mixing time to double that of the check.- 
Sodium lauryi sulfate had only a small effect on the mixing time- 
increments of cysteine made the mixing times of Tenmarq and Chief- 
kan almost the same. Thus the reduction for Tenmarq, for which the 
mixing time is normally long, was relatively much greater than for 
Chiefkan, for which the mixing time is normally short. The effects of 
boiled yeast extract and HsS-saturated water were similar to cysteine. 

The effects on baking results from the wetting and reducing agents 
xvere variable. Sodium lauryi sulfate was unsatisfactory for both 
flours. This agent had an unfavorable effect on the phA^sical properties 
of the dough. Increasing the amounts of Aerosol OT produced baking 
results which %vere progressively poorer than the checks for Tenmarq 
and about' equal to the checks for Chiefkan. Cysteine produced 
marked improvement in loaf volumes, textures, and dough-handling 
properties of Tenmarq, but , for Chiefkan, cysteine had less effect. 
Boiled yeast extract in the smaller amounts produced results similar to 
cysteine for Tenmarq. For Chiefkan, increasing amounts of this ex- 
tract were distinctly detrimental. The H 2 S-saturated water produced 
no marked e,ffect with either flour. ' 

The data indicate that when an agent- such as Aerosol OT increased 
the mixing time for Tenmarq, the results were unsatisfactory, and when 
the agent'sucE as cysteine- decreased. the mixing time, the -effects were 
beneficial. Chiefkan was less responsive, to these treatments. The 
treatment of Tenmarq with Aerosol OT, which caused an -increase in 
mixing time., produced' pronounced ■ buckiness of the dough similar to 
:t,hat obtained by an excess of certain oxidizing agents. 

/ ' Restdisfmm Rich ' Formula. Various- percentages of Aerosol OT and 
of cysteine, together with 2, 3, or 4 mg of potassium bro-mate, were used 
'With, the rich, formula... Both optimum and constant mixing times were 
employed. The results from Tenmarq are presented in Table II, and 
those from. Chiefkan in Table. III.. The fig'ures.in Table^ II show the 
folioming,:- (1) the effect of potassium bromate was . minor or obscured 
by the other substa,nces; (2)- Aerosol OT with opti,mum m,ixing time 
produced,' bread with larger loaf volumes and 'with equally good textures 
as compared to the checks; (3) with consta.nt mixing time, Aerosol OT 
had' no apparent effect on the quality of the bread; (4) cysteine with 
optimum mixing time produced baking , results somewhat better than 
the checks ; (5) with constant mixing time, ■ the' results with cysteine 
were increasing!}^ poorer than the checks. ' The doughs were soft and" 
sticky with very poor handling properties,' indicating .serious /-over- ; 
mmng. .■.i..: '..I' " 
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TABLE II 

Effects of Optimum and Constant Mixing Time with Various Concentrations 
OF Aerosol OT, Cysteine, and Potassium Bromate on Baking Results 
FOR TEK3fefARQ FlOUR 


Treatment 

Cone. 

KBrOa 1 

j time 

Loaf 

volume 

Texture 

grain 

Crumb 

color 

Row in 
Fig.l 

1 

/C 1 

mg 1 min I 

cc 

i % ‘ 

1 

1 ' 
1 ■ ' 

1 

1 


OPTIMUM MIXING TIME 


Check 


2 

4.0 

883 

88-0 

85cv 

1 



3 

4.0 

878 

88-0 

85cv 

1 



4 

4.0 

815 

80-O 

85cy 

1 

Aerosol OT 

0.06 

2 

5.0 

938 

85-0 

'86cy 

. 1 


0.06 

3 

5.0 

978 

85-0 

86cv 

1 


0.06 

4 

5,0 

925 

82-0 

86cv 

1 


0.12 

2 „ 

i 6.0 i 

973 

90-c i 

88cv : 

1 


0.12 I 

3 

6.0 

925 

90-c 1 

88cv 

1 


0,12 

4 

6.0 

925 

85-0 

88cy : 

1 


0.24 I 

2 

8.0 

885 

86-0 1 

85cy 

1 


0.24 

"3 

8,0 

918 

86-0 1 

90cv 

1 


0.24 

1 

4 

8.0 

930 

86-0 ; 

88cy ^ 

1 


CONSTANT MIXING TIME 


0.06 ! 

i 2 

4.0 

865 

1 87-0 

i 85cy 

i 2 

0.06 i 

3 

4.0 

893 

87-0 

: 85cy 

2 

0.06 i 

4 

4.0 

900 

87-0 

85cy 

2 

0.12 i 

2 

4.0 

890 

85-c 

84€y 

2 

0.12 

3 ! 

4.0 1 

890 

85-c 

84cy 

2 

0.12 

4 1 

4.0 

870 

87-c 

84cy ! 

2 

0.24 

2 i 

■ 4,0 ■ j 

825 

83-0 

80cy . j 

2 

0.24 

3 1 

4.0 ! 

873 

83-0 

80cy 

2 

0.24 

4 1 

4.0 j 

850 

83-0 

SOcy . ! 

2 


OPTIMUM MIXING TIME 


0.005 

■2 

3,0 

940 

85-c 

aOcy 

.. 3 

0.005 

3 

3.0 

873 

85-c 

80cy 

■ 3„ 

0.005 

4 

3.0 

900 

82-c 

SOcy 

3 

0.010 

2 

2.0 

905 

85-C 

SOcy 

3 

0.010 

3 

2.0 

905 

83-c 

SOcy 

3 

0.010 

4 

2,0 

918 

80-c , 

' SOcy 

' 3 

■ 0.020 

2 

1.5 

853 

^ 83-0 ' 

SOcy ^ 

■ 3 

0.020 

3 

1.5 

868 

82-0 ; 

SOcy ! 

3 

0.020 

4 , 

1.5 

863 

SO-o ' . : 

8'Ocy 

3 


CONSTANT. MIXING TIME 


0.005 

.. 2 

4.0 

868 

81-0 

SOcy 

■ ...4' 

0,005 

3 

4,0 

878 

81-0 

SOcy 

■■4 

0.005 

4 

4.0 

870 

80-O 

SCfcy" 

' 4 

0.010 

2 

40 

. , ' 86 S- . 

' 81-0 

1 ..'SOcy 

..4 

0.010 

.. " 3 ■ 

4.0- ' 

860 

82 - 0 ' 

SOcy, 

■■4 

0.010 

4 

4:0 ■■ ■ 

■ :'873 

80 -O ■ 

SOcy 

■■ ■ 4 „ 

0.020 

2 

4.0 

798-' 

. , STo 

SOcy . : 

■ t4 

0.020 

3 

4.0 

'830 ■ ■ ^ 

82 - c , ' 

SOcy 

" '':4 

0.020 

4 

4.0 

SIS 

' :, S 0 -€' 

SOcy ’ 

, 'AA" 
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TABLE III 

Efffxts of Optimum and Constant Mixing Time with Various Concentrations 
OF Aerosol OT, Cysteine, and Potassium 'Bromate on Baking Results 
FOR Chief KAN Flour 


Treatment 

Cone, 

KBrOa 

Mixing 

time 

Loaf 

volume 

Texture 

grain 

Crumb 

color 

Row in 
Fig. 2 



1 

min 

€C 

1 % 

ST 



OPTIMUM MIXING TIME 


Cheek 


2 

3.0 

783 

8 O -0 

85cy 

1 



3 

3.0 

780 

80“O 

85cv 

1 



4' 

3.0 

795 

87-c 

88 cy 

1 

Aerosol O'T 

0.06 

2 

3.5 

793 

82-0 

85cy 

1 


0.06 

3 

3.5 

785 

83-0 

85cv 

1 


0.06 

4 

3.5 

835 

S8-C 

88 cy 

1 


0.12 

1 2 

4.0 

823 

8 O -0 

83cy 

1 


0.12 

3 

4.0 

808 

86 -c 

85cy 

1 


0.12 

4 

4.0 

818 

89-c 

88 cy 

1 


0.24 

2 i 

5.0 

808 

85-0 

85cy 

1 


0,24 

3 

5,0 

870 

87-c 

85cy 

1 


0,24 

4 

5.0 

803 

87-c 

1 85cy 

1 

1 


CONSTANT MIXING TIME 


Aerosol OT ! 0.06 

2 

3.0 

778 

85-c 

85cy 

2 

i 0.06 

3 

3.0 

803 

8S-C 

8 Scy 

2 

i' 0,06 

4 

3.0 

80S 

85-c 

85cy 

2 

1 0.12 

2 

3,0 

800 

85-c 

83cy 

2 

0.12 

3 ■ 

3.0 

820 

85-c 

83cy 

2 

0 . 12 ' , 

4 

3.0 

805 

8 O -0 

82cy 

2 

0.24 

^ 2 

3.0 

795 

85-c 

80cy 

2 

0.24 

.3 

3.0 

828 

82-0 

80cy 

2 

0.24 

i 4 

3.0 

850 

8 O -0 

80cy 

2 


OPTIMUM .MIXING. TIME 


0.005 

2 

2.0 

748 

82-0 

83cy 

3' 

0.005 

3 

2.0 

800 

85-c 

83cy 

3 

0.005 

■4 

2.0 

793 

83-c 

82cv 

3 

0.010 

2 

■ 1.5 

775 

8 O -0 

82cy 

3 

0.010 

3 

1.5 

775 

83-0 

82cy 

3 

0.010 , 

4 

, 1.5 ■■ 1 

750 

8 O -0 

82cy 

3 

0.020 ' 

2 

1.3 

695 ! 

: 75-0 i 

78cy 

3 

0.020 ! 

3 ■ 

1.3 

720 I 

' 75-0 

78cy 

3 

0.020 ; 

1 

4 

1.3 1 

i 

675 

75-0 

78cy 

3 


CONSTANT MIXING' TIME 


Cysteine 

0.005 

2 

3.0 

710 

80-0 

82cy 

■ 4' 


QMS 

3 

3.0 

765 

8 O -0 

82cy , 

4 

0.005 

4 

3.0 

765 

SO-o 

S2cy ■■ < 

■ 4 ' 

0*010 

2 

3.0 

605 

80-O 

SOcy 

. 4 , 

o.mo 

3 

3.0 

7m 

, : 80-O' 

80cy 

"4' , 

OJIO' 

4 

3.0 

715 

80-O :■ 

SOcy 

. 4 , / 

0.020 

2 

3.0 

625 

70-O 

7Scy 

4 " 

0.020 

3 

3M ■ 

' 640 

70-O 

75cy 

4". 

1 0.020 ! 

,1 1 

4 

3J 

660 

70-O 

75cy 

4 
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It appeared that the longer mixing time resulting from Aerosol, OT» 
even in the presence of the larger amounts of pota,ssiiim bromate, 
caused no deleterious oxidation of the dough. This contrasts with the " 
results obtained with the' MPB formula and presented in Table ,L 
It is probable that the presence of milk in the rich form,ula acted as a 
buffer in minimizing the effects of oxidation consequent upon long 
mixing. The buffering action of milk was shown b'y Ofelt and Larmour 
(1940). When cysteine was present, the 4-mioute constant mixing ■ 
time was too long and produced deleterious effects. 

The data for Chiefkaii in Table III show the following: (1) the loaf 
volumes and textures are on a lower level than those presented in 
Table II, because of the, poorer quality of Chiefkan as compared with 
Tenmarq; (2) no, consistent improvement was noted with the use' of ' 
potassium bromate; (3) Aerosol OT with both optimum and constant 
mixing time produced better baking results than the checks; (4) the, 
cysteine treatment produced poorer results than the Aerosol OT treat- 
ment; (5) with the optimum mixing time, the results were distinctly , 
better than for the constant time. 

The handling properties of dough are difficult to describe ade- 
quately because they have no accepted standards of measurement. It 
was noted that when the mixing time of Tenmarq was reduced with' ', 
cysteine, the dough-handling properties at the pan stage remained very 
good. ' When the time had been increased:- with Aerosol OT, the doughs 
were bucky. This was more noticeable with the MPB formula which 
had no milk. The addition of Aerosol OT did not improve the handling ' 
properties of the dough, whereas cysteine made the dough more soft 
and sticky than the checks. 

The photographs of the loaves from -Tenmarq corresponding' to the 
data in Table II are presented in Figure 1 and similarly the loaves froia":-: 
Chiefkan (Table III) are shown in Figure 2. The four groups of loaves 
in each figure are arranged in the same order as the four groupings in 
the tables. The horizontal placings of the loaves in the figures from 
left to right are in the same order as the vertical arrangements of the 
data in the tables. The general groupings of the loaves are further 
elucidated by the legends for each of the figures. Thus by counting 
the loaves from left to right in any row and the figures in the tables in 
any group vertically, comparison can be made between the appearance 
of any loaf and the baking data* 

The appearances of the bread obtained from optimum and constant 
mixing times, as influenced by the addition of Aerosol OT or c>^steine, , , 
do not differ markedly from the two ^ts of three check loaves to the’ , ^ 
left in each figure. The more awurately measured effects of the 
treatments are indicated by the data given in the tabte. 
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Fig. I. Effects of optimum and constant mixing time with various concentrations of Aerosol OT, 
cysteine, and potassium bromate on baking results for Tenmarq flour. 


Row 1. Aerosol OT — Optimum mixing time. 
Row 2. Aerosol OT — Constant mixing time. 
Row 3. Cysteine — Optimum mixing time. 
Row 4. Cysteine — Constant mixing time. 



Fig. 2. Effects optimum and ocmstaat malag.. 'tiaie with various conantrations of Aerosol OT, 
cysttw* and |»ta 5 *tuiia bromate m bak'ing, results for Chiefkan flour. 


Row 1 w Aerowl 0T--'-4]fpttsiaiii .in.mng time. 
Row 2- Aeromt OT — Cc®»tant mmng time. 
Rows. Cysieme — QptuEU-m mixing time. ■, 
Row 4, Cysteine — Constant mixiiig time. 
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Discussion and Sttminaiy 

This baking study was made to test the effect on baking of changing 
the optimum mixing time of two wheat varieties, Tenmarq and Chief-, 
kan, by using surface active and reducing agents. The surface active 
agents employed were Aerosol OT and sodium iauryi sulfate.. The 
reducing agents employed were cysteine, yeast water, and H2S-satU“- 
rated water. Two formulas were employed, the MPB'and a rich; 
formula which included 6% dry milk solids. With the .rich formula, 
the' treatments were limited to Aerosol OT and cysteine with varying 
amounts ,of potassium bromate. 

The results obtained with the MPB formula were different from 
those obtained with the rich formula, showing that the constituents in, 
the .formulas had an influence on the action of the agents used. Sodium 
lauryl sulfate showed less desirable effects than Aerosol OT. With 
the MPB .formula, Aerosol OT made the dough of Tenmarq bucky, 
whereas Chiefkan became puttylike. Cysteine with the MPB^ formula 
and with a greatly reduced mixing time produced doughs with very 
good handling properties and improved bread for Tenmarq. With 
Chiefkan, cysteine made the doughs soft and produced no improvement 
in the bread. 

The effects of boiled yeast extract and H 2 S“Satiirated water were 
similar to those from cysteine, indicating that the effective component 
which shortens the mixing time is the -SH group. Potassium bromatej 
used only with the rich formula,, had small or inconsequential effects. 
Increasing amounts of potassium bromate did not correct the harmful 
effects of the larger amou,nts of cy.stei.ne on' Chiefkan. 

The amounts used of these various agents were critical- When 
beneficial results were obtained with small amounts, larger quantities 
often produced harmful effects. .Superior results were obtained by 
using' the mixing time which coincided with' the point of minimum 
mobility as affected by the various agents added. " The results for this 
optimum mixing time were consistently better tha,n for the constant 
mixing time as, established by the checks. 

'Tenmarq was, on, the whole,- more favorably responsive to these 
treatments than Chiefkan., '’No treatments, made the, characteristics of 
Chiefkan similar to those of an '■ untreated- Tenmarq. Making the 
mixing time of Tenmarq shorter was beneficial, white shorter mixing 
time for Chiefkan had deleterious effects. Increasing the mixing time 
of Chiefkan produced a slight improvement in the bread. 

, These studies indicate the pc^bilities of using ' a surface active 
agent to increase the mixing time and still obtain good bread. This is 
" condition^ on the use of a suitable formula with proper amounts of 
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.the agent and optimum mixing time. The possibilities are also indi- 
cated of using a reducing agent to shorten the mixing time of a flour 
which normally has a long mixing requirement and in this manner 
o.btained bread of good quality. This is also conditioned by the use 
of a suitable formula, proper amounts of the agent, and optimum mixing 
time. 
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Investigations of malted wheat have recently been reported by 
GeddeSj Hildebrand, and Anderson (1941) and by Kneen and Sandstedt 
(1942). The latter paper contains extensive references to earlier work, 
and a further review of the literature seems unnecessar3v\ It is now 
generally agreed that the utility of malt supplements depends on their 
alpha-amylase activity and that this varies widely in barley, wheat, 
and rye malts. No study has yet been made of the difference in the 
alpha-amylase or other enzymatic activities of malts made from dif- 
ferent varieties of hard red spring wheat or from the same variety 
grown under different conditions; and this matter appeared to merit 
investigation. 

Materials and Methods 

Materials, The materials consisted of samples of 23 varieties of 
hard red spring wheat grown in 1941 .under strictly comparable con-, 
ditions at 16 stations in Western Canada. The varieties are listed in 
Table L They represent several named varieties and new crosses 
which w^ere being studied by Canadian plant breeders and cereal 
chemists in that year. The stations, also listed in Table I, are fairly 
widely distributed throughout Western Canada, with five in Manitoba* 
six in Saskatchewan, and five in Alberta. 

From these individual samples two sets of composite samples were 
prepared, namely, (1) a set of 23 composites, one for each variety, made 
■up by combining equal quantities of wheat from each station, and (2) 
a set of 16 composites, one for each station, made up by combining 
equal quantities of each variety. ■ 

. The varietal composites showed some variation in both bushel 
weight and protein , content. 'Mean values and ' ranges were: bushel 
weight, 64.7 lb, and 63.5 to 66.0 lb; protein content, 15.6%, and 14,9 
to 16.2%. The ranges for station composites were 62.5 to 66.5 for 
bushel weight, and 12.3 to 17.4% for protein content. However, 
when the lowest value (Faliis, 12.3%) is disr^arded, the station range 
for protein content becomes 14.4 to 17.4%. The high protein values 
w^ere caused by the dry growing seamn in 1941. It is unfortunate 

i Published as Paper No. 63 of the Graiii Research Uaboratorr, Ho, 2t6 of the A»caat« 

CoiEialttee on Gmin Research CCauaUa)* 
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TABLE I 


IXTERVARJET.\L AND iXTERSTATIOX RELATIONS BETWEEN ALPHA-DEXTRINOGENIC 

Actitity of and Gas Stimulation by Flours 


Variety 

Gas 

stimu- 

lation 

a-des- 

trino- 

genic 

activity 

Station 

Ga,s 

stimu- 

lation 

a-dex- 

trino- 

geaic 

activity 


mi 

units . 


ml 

umis 

I. Garnet 

163 

S3 

1. Swift Current, Sask. 

160 

55 

2. Red Bobs 

161 

61 

2. Edmonton, Alta. 

158 

57 

3. H4'4X,Rewa,'.rd 

160 

54 

3- Gilbert Plains, Man. 

158 

53 

4. R.L.625XMercurv,I 

158 

56 

4. Fallis, Alta. 

158 

51 

5. .Pilot 

153 

54 

5. Broadacres, Sask. 

156 

44 

6',. Marqii is X (,H44 X 



6. Saskatoon, Sask. 

155 

52 

Marquis), I! 

152 

48 

7. Morden, Man. 

154 

52 

7, Thatcher X Regent 

150 

49 

8. Melfort, Sask. 

154 

51 

8. Merit 3 

150 

48 

9. Scott, Sask. 

154 

SO 

9. H4'4X Thatcher, I 

150 

44 

10. Lacombe, Alta. 

154 

48 

1,0. Marquis X ('H44,X 



11. Winnipeg,, Man. 

154 

48 

Marquis,), III 

^ 149 

i 45 

12. Brandon, Man. 

151 

47 

1 1 . Regent Selection ! 

!48 

45 

13. Indian Head, Sask. 

ISO 

40 

12. Regent Selection II 

148 

43 

14. Beaverlodge, Alta. 

149 

^ 43 

13* Thatcher 

146 

51 

i 15. Lethbridge, Alta. 

148 

37 

14. Red^ Thatcher 

146 

36 

16. Portage la Prairie, 



iS. C.A.N. 1926 

145 

35 

Man. 

140 

: 41 

16* H44X Thatcher, I! 

144 : 

40 




17. Regent X Caiius, 1 

144 I 

37 1 




18, Renown 

142 ! 

49 1 




19. i\p€X 

139 

46 ! 




2.0. Marquis X(H44X 






, Marquis), 1 

138 

■ 46 ■ 




.21, Marquis 

136' ; 

41. ; 




22. . Regent X Ca,nus, 1 1 

134 i 

32 




,23. ■ Regent 

130 

44 : 





that the materials were not more representative of the average quality 
of wheat grown in Western Canada* 

Whmi Flour. The wheats were ■milled to a yield of 70% in an 
Allis-Chalmers mill. The, flours had an average protein content of 
14.9%, and an average ash content of 0.45%. 

' Mcdting,. Duplicate 350-g samples of each' composite were malted 
'as follows: steep to 44% at 50®F in equipment described by Anderson 
and Meredith (1940); germinate and grow for five days at 54°F 'in 
equipment not yet described but similar to that of xAnderson (1937); 
■and for^ 24 'hours with continuous rise in temperature : from 85 to 
120®F'froni ■0-6 hours,, and a uniform, temperature of 120°F from 6-24 
■hours,' in', Mia 'described, by. , Anderson and Rowland (1937),. The 
samples were malted, in ,fotir successive series, namely, first replicates 
of variety composites, first replica'tes of station composites, second 
replicates of vari'Cty composites,, and second repli^cates of station 
composites; and the order of the samples was, random,ized.within^ each',,, 
seri^* 
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Mali Flour. The malts were milled to a yield of 75% in an Allis- 
Chalme,rs mill. The malt flours had an average protein content of 
15.2% and an average ash content of 0.76%. " 

Analytical Methods. Protein, ash, 'gas production (volumetric 
method; 25 g flour, 6-hour fermentation), Lintner value (diastatic 
activity), and alpha-dextrinogenic (alpha-amylase) activity, were de- 
termined by the standard procedures given in ‘'Cereal Laboratory 
Methods.’' Saccharogenic actmty was determined by the method of 
Kneen, Beckord, and. Sandstedt (1941),. Total Lintner value and 
total saccharogenic activity were determined by making the original 
extracts of the flour or malt flour with 1% papain solution as outlined 
by Salians and Anderson (1938). The total gas production of the 
wheat flour was determined by the volumetric method with the addi- 
tion of papain equivalent to 0.5% of the weight of the flour. The gas 
stimulation by the malted wheat flour is reported as the increase in 
the gas production (volumetric method) of a standard base flour which 
results from the addition of 0.2% of the malt flour. Protein, ash, and 
gas production are reported on a 13.5% moisture basis, and all other 
values are given on a dry basis. 

Results and Discussion 

The alpha-dextrinogenic activity of the malt flour and its ability 
to stimulate gas production in a standard dough w^ere studied with 
both the varietal and station composites. For these properties the 
intervarietal and the interstation relations can be examined. 'Data' 
on the remaining properties relate to varietal composites, and illustrate 
only the intervarietal relations. 

Alpha-dextrinogenic Activity and Gas Stimulation. The data on 
these two properties of the malt ■ flour for both varieties 'and stations' 
aregiven in Table I. The varieties' and stations are listed in d'ecreasing 
order with respect to gas stimulation. 

Under the conditions used in the investigation, 0.2% of malt fl'Our 
was added to a standard base flour having a gas^ production of 252 ml 
in 6 hr. The best variety, Garnet, increased the^ gas prcduction by 
163 ml' to 415 ml; the poorest variety, Regent, increased the gas pro- 
duction by 130 ml to 382 ml. It is- thus apparent that the range' for 
varieties 'is comparatively small- ■■■.:/ ' ' 

With respect to the' station data, The range lor gas stimulation is' 
still lower. ' 'It :is 20 .'ml' over all -'stations,, and ,if the tempest value is 
negle.c.ted , it, amo-unts to .onIy:'12.,.mlv .While it is probable that the 
■station ■com.posites do not represent as wide a range of environmental 
conditions as might occur in other seasons, the data certainly suggest 
that the effect of environment on, the gas stimulation by malt flours 
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is not large. In this connection it may be noted that the Fallis 
sample, which had the lowest protein content, 12.3%,, has essentially 
the same gas-stiniiilating activity as the Saskatoon sample, which had 
the highest protein content, 16.8%. These two samples must cer- 
tainly have been grown under widely different conditions. 

The data for alpha-dextrinogenic acti\dty show greater differences 
between varieties. Garnet again stands first with an activity of 83 
units, and this is more than twice the value for the poorest variety, 
No. 22, which has an acti\dty of only 32 units. Among the stations 
the maximum spread is considerably smaller; Edmonton with 57 units, 
gave the highest value, and Lethbridge with 37 units, gave the lowest. 

A relation between gas stimulation and alpha-dextrinogenic ac- 
tivity for both the varietal and station composites is clearly indicated 
in Table L The correlation coefficients are 0.71 for varieties and 
0.79 for stations, and both are well above the 1% level of significance. 
Kneen and . Sandstedt ( 1942 ) — and several earlier workers — have 
already established the existence of this relation; but it has not pre- 
viously been shown that it occurs both within and between varieties. 

Both our correlation coefficients are appreciably lower than that 
(0.94) reported by Kneen and Sandstedt. Although theoretical ex- 
planations of the difference can be offered, the available data are 
hardly adequate to support an argument It should be noted, how- 
ever, that a correlation of 0.94 suggests that increased gassing power 
is almost wholly dependent on alpha-amylase activity, and that other 
factors are of ' little concern; : and this led Kneen and Sandstedt to 
suggest that determinations' of added gassing power and alpha- 
amylase “appear to be equally reliable for evaluating malts.*!,,,,' The 
, 'data given in the present paper do not support this hypothesis. How- 
:'ever, we do not 'wish to be thought too dogmatic in our interpretation 
of the available correlation coefficients pit is clear that there is a funda- 
mental relation between alpha-amylase activity and gas stimulation, 
but it is perhaps a' moot question as to how close the relation actually is. 

Investigation' 'of causal relations by the correlation method is 
fraught with many' diffieulti'es* ' An association between two properties 
may exist in a series of samples prod'uced, by prc^ressively changing 
the processing methods, merely because the change affects both proper- 
ties in a uniform manner; such, an ' association does not prove a causal 
„ ,rel,atioii. ,An association between , two. properties may , be demon- 
strated with a set of samples of different varieties grown in the same 
enrivoament, but may not occur in samples of one variety, grow.n in 
/‘different environments, or vice versa. Under, th^ c.oiiditions, with 
, pairs of properties such as gas stimulation and alpha-amylase, failure 
‘ Ip, obtain a ccrrektion with both varietal and station (environmental) 
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composites leads to the conclusion that no close causal relation exists- 
However, when a correlation is found with all three sets of samples— 
samples produced by different methods, different varieties grown in the 
same environments, and one variety grown in different environments* — 
there is every reason to believe that a fundamental causal relation 
exists. It is hazardous, to base conclusions on the study of only one 
kind of samples, or on the study of a m.iscellaneous collection of 
samples of unrecorded history. 

Effect of Papain Extraction, It is well known that the free sac- 
charogenic activity of unmalted barley is low^' by comparison with the 
total saccharogenic activity determined by means of a papain extract, 
and that the total activity is correlated wnth the saccharogenic activity 
of the malted barley. These relations w^ere investigated for wheat 
flour and the corresponding malted wheat flour of different varieties. 

In the wheat flour, the free saccharogenic activity was found to be 
about 10% of the total saccharogenic activity. The mean values over 
all varieties were 3.1 and 32.6 units. The free activity is of little 
interest and it does not seem necessary to record the individual values' 
for each variety. Data for total saccharogenic activity are given in 
Table II, and are discussed in the following section* 


TABLE II 

Varietal Means for Saccharogenic Activities anb ' Gas Production 


Variety 

No. 

Malt lour 

■ ’Wheat fiour 

Sacch. 

activity 

Beta 

sacdi. act. 

Alpha 
sacch. act. 

Total sacch. 
act. (Pairaiia) 

Total Lintner' ' 
value (P&pain) 

Gaa' 

pfoductioit ■, 


units 

uniis 

units 

units 

® Lintmr 

■ «il ■ 

1 

33.2' ' 

29.1 

■ 4.1 

38.0 

292 

292 

13 

29.9 

27.4 

2.5 

41.6 

328 

237 

7 

28.2 : 

2S.7 

2.5 

42.1 

325 

238 

18 

, 28,1 , 

2S.7 

2.4 

■ 40.6 

316 

258 

2 

, 27.7 ■■ 

24.7 

3.0 

33.5 

264 

301 

14 

' '24.6 

22.9 

1.7 

37.6 

295 

217 

■ 19 

23.9 

2L6 

2.3 

38.9 

30^2 , 

273 

9 

! 23.3 

21.1 

2.2 

'■ 35.2 i 

266 

240 

21, 

[ 22.4 

20.4 ■ 

2.0 

, ■ 36.8 

289 

248 

\ 3,' 

22.1 

19.5 

2,6 

32.6 

256 

. 268 

■ 12 , i 

21.4. 

, 19.2 

2.2 

, 29.3 

220 

' 265 

", ,11 ' ' : 

21.1* ■ 

18.9 ■ 

2.2 

'30.3 

278 

. 260 

'■ 16 , 

, 20.8,' 

„ , 18.8 

2.0 

30.6 

229 ' 

275 

23 - 

'1'9.9,^' 

, ,47.7 i 

.,,2.2' 

, 30*5 

224 

265 

S' 

''18.4. ■■ 

:'MSJ ' 

■ '2.7,' . 

30.0 

225 

239 

' 10 


„ '15.3 , .' 

.'■2,2, - 

■ 27.0 

204 

232 


,', 47.3 

14.9 

2.,4'," 

' ■ ■ 26.8 

200 

238 

4 

,'16.8 , ■ 

44*0 ' 

" ■ 

28.5 

214 

272 

17 , 

'16.7, 

' 14.9 

1*8 

29.0 

214 

254 

', '20 

' 1S.6 ,„ 

, , 13.3 

■ ■■ 2.3^ "„.,,■ 

26,9 

200 

228 

■ 22 , ■ 

', 15.5 ,'V 

13,9 

■^■■■■.■,L6'.'„-:' 

■■■■■„ ',' 28.7 

216 

252 

^ 8 

■■45.2' ■■ 

12.8 


27.4 

205 

269 : 

■■ 15 ■ 


', :-42*:i' 
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The gas production and total gas production (papain) of the wheat 
flour were also examined. The mean values over all varieties were 
261 and 272 ml Thus a tenfold increase in saccliarogenic activity 
resiiiting from the addition of papain was associated with an increase 
in. gas production of only about 4%. The data certainly suggest that 
saccliarogenic activity has only a very minor effect on gassing power. 
However, the evidence is of little value because it seems probable 
that, in the detennination of free gassing power, not only the free 
beta-amylase, but also that part of the latent beta-amylase liberated 
by the proteolytic enzymes of the flour, are active in the dough. 

The correlation between free and total gassing power was 0.97. 
In, these circumstances it does not seem necessary to record the data 
for the total gassing power of the individual varieties. The data for 
the customary determination of free gassing power are given in Table 
11 and discussed in the next section. 

Saccliarogenic Actimties and Gassing Power. Data for the sac- 
charogenic activity of the malt flour, and for those parts of it attributed 
to beta- and alpha-amylase, are given in the left-hand section of 
Table 11. The varieties are listed in order of decreasing saccharogenic 
activity. Considerable differences exist between the varieties; with 
respect to each property, the highest value is more than twice as great 
as 'the lowest value. 

It "is interesting to note that Garnet, No. 1, is not only highest in 
alpha-amylase activity and gas stimulation, but is also highest in beta- 
amylase activity. Although it is not easy to see it in the data, there 
is a loose but significant association between beta- and alpha-amylase 
activities. The correlation is 0.49, which exceeds the 5% level of sig- 
nificance but falls short of the- 1% level, 0.51. It appears that in 
wheat as in barley (Sallans and Anderson, 1939) there is a slight 
tendency for varieties which are high in beta-amylase to be ' high in 
■alpha-amylase also. The association is very loose, ' and has little 
practical significance.^ 

Xhe data in Table II show that approximately 10% of the sac- 
charogenic activity of the malt flo'ur .was due to the alpha-amylase. 
It thus 'appears that for most practic.ai purposes the determination of 
saccharogenic activity may well serve .as an adequate measure of 
cx^mparative beta-a.m,ylase. activities, of wheat malts. In the present 
study the' .saccharogenic activity ' of the malt flour and beta-amylase 
activity gave . a '' ■correlation, cc^fficient of 0.996. This fact is .worth 

* Uoeen. Beckord, asd Sandetedt (1941), m ■■com.meuting on this matter., write: “Sallans and 
Aadtr^a (1939) ai» foand a significant correla.tion between malt-saccharifying and, malt-liqiie.fying 
mthitks. The data in Table III are not in agreement with this finding.” However^, a footnote on the 
^^■■|M®e shows tiat the correlation coefildent for “the 'da.ta in Table III” is significant^; ,lt,' is 0.603,, 
wh^' Is above the 5% level, O.S7d. 
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recording if only to show that a very high correlation between two 
properties does not necessarily shoW' that one is dependent entirely on 
the other, and that a fundamental causal relation does not exist with 
an\' additional factor or factors, in this case a!pha“ani\dase activity. 

The total saccharogenic activity (papain) of the wheat hour is 
fairly closely correlated with the saccharogenic activity of the mait 
flour; the correlation coefficient is 0.88. As would be expected it is 
more closely correlated with the beta activity of the malt flour for 
which the correlation coefficient is 0.90. It follows that the com- 
parative saccharogenic activities, and more especially the beta 
activities, of malt flours made from different varieties can be estimated 
with moderate accuracy from data on the total saccharogenic activities 
of the unmalted wheat flours. 

Data on total Lintner values (papain) of the wffieat flour are also 
included in 'Table 11. Since these and total saccharogenic activities 
(papain) are determined by methods which differ mainly in the tem- 
peratures of diastasis, it is not surprising that a correlation of 0.97 is 
obtained. For comparative purposes the methods are essentially 
interchangeable. 

The last column of data in Table II deals with the gas production 
of the wffieat flour. Here again there are appreciable differences 
betwe%,n the varieties; the highest gives a value of 301, and the lowest 
gives 2 IT. Gas production in' the' wheat flour is not correlated with 
any property other than the alpha-amylase activity of the , malted 
wffieat flour. The correlation is 0.54 which, thoughiow, exceeds the 
1% level of significance. Thus it is not likely to be fortuitous. The 
explanation may be that gas production in the unmalted wheat flour 
is, related to alpha-amylase activity in the same product, and that the: 
latter is related to alpha-amylase activity^ in the malted wffieat flour. 
Unfortunately this hypothesis cannot be examined as determinations 
of the alpha-amylase activity of the unmalted flour \¥ere not made. 

Sunraiary 

Samples of 23 varieties grown at 16 stations in Canada were, com- 
posited to provide .sets of samples- representing each variety .and -each 
station. , The samples were milled, and' were also malted and- then 
milled-. Pro-perties of the w’heat flouns and malted wheat flours, were 
examined. ' 

' ' increases in the gassing power of a, standard base 'flour, 'resulting 
from additions "Of 0.2% of' malt^'.-wffieat flour, varied between 130 and 
'163 ml depending, on the variety, and between 140 and 160 ml depend- 
ing on .the statiO'H., : Corresponding variations in alpha-dextrinogenic 
activity were 32 to 83 units for varieties, and 37 to 57 units for stationa 
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The intervarietal correlation coelScient for these tivo properties was 

0,7 T and the interstation correlation was 0,79. 

Additional data are reported for the varietal composites only, A 
very loose association, represented by a correlation of 0.49, was found 
between alpha-* and beta-amylase activities of the malt flour. , About 
ooe-tenth of the saccharogenic activity of the malts was contributed 
by the alpha-amylase. Determinations of total (papain) saccharogenic 
activity and total (papain) Lintner value in the wheat flour are inter- 
changeable; the correlation is 0-97. The total (papain) saccharogenic 
activit}^^ of the wheat flour is correlated wdth the saccharogenic activity 
of the malted wheat flour (0,88), and is, as would be expected, more 
highly correlated with the beta-saccharogenic activity of the malted 
wheat flour (0.90). 
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DOUGH OXIDATION AND MIXING STUDIES. VI. EFFECTS 
OF OXIDIZING AGENTS IN THE PRESENCE OF 
REDUCING MATTER 
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The Fleischmann Laboratories, Standard Brands Incorporated, New York, N. Y. 

(Presented at the Annual !Nfeeting. May 1943; received for publication November 28, 1943) 

The importance of reducing matter as a factor in bread quality has 
been well established. Sullivan and co-workers (1936) showed that 
glutathione is present in wheat germ. . Quantitative estimations of 
reducing matter in different grades of flour have been made in, our 
laboratory (Freilich, 1941) and similar results have been reported by 
Shen and Geddes (1942). It has also been amply demonstrated that 
the harmful effects of reducing substances such as glutathione may be 
eliminated by the use of oxidizing agents in dough. 

The Farinograph and similar apparatus have been found usefu.l by 
different investigators in studying the effects of reducing matter in 
dough. Sullivan (1936) and Ford and Maiden (1938) obtained 
Farinograph curves indicating a direct effect of glutathione on gluten. 

, Ziegler (1940) observed that increasing increments of glutathione in 
dough decreased the swelling time, or time to maximum consistency, in 
the Farinograph. Swanson and Andrews (1943), with the aid of mixo- 
graph cuiwes, found that cysteine and other substances may greatly ' 
decrease the mixing periods. 

Ziegler (1940,,' 1940a, i940b)- approached the p,robIem with the,' 
apparent purpose of explaining the improving effects of bro,!iiate' in 
• wheat flour doughs, in which glutathione is believed to be the' most 
harm,ful 'factor, ' 

In studies 'on the. rate of oxidation' of, pure glutathione in water" 
solu'ti.on., he,,., 'found that .at- ordinary 'temperatures .bromate oxidized 
glutathione very slo.wly, . while,, iod'ine oxidized it immediately , (,1,'940'a).,' 
Assuming that the action.. in, .dough" is, similar to. .that in ,'water solution,,'., 
he concluded that the improving 'effects.-of bromate, *‘'ca,n be explained,.' 
by its slow rate of oxidation of glutathione/' 

. 241 ' 
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Ziegler (1940a) studied the effects of oxidized glutathione in dough. 
He assumed tliatd 'through oxidation by broniate . . . a certaia amount 
of oxidized glutathione will exist in that dough/' He found that oxi- 
dized glutathione shortened the swelling time (mixing time) and im- 
proved ioaf voiimie. He concluded that the improving effects of bro- 
iiiate ill dough are due {a") to the suppression of the harnifiil effect of 
(reduced) gkitathioiie, and (b) partly due to the presence of oxidized 
glutathione in dough. 

Ziegler (1940b;' also studied the oxidation of glutathione by dif- 
ferent oxidizing agents^ using Farinograph curi^es to iliiistrate some of 
the resiiits. Reduced glutathione produced rapid breakdown of the 
dough during mixing, suggesting a specific — SH effect. Similar gluten 
breakdown was produced when using glutathione oxidized with iodine, 
and partly oxidized with broraate, in. fermenting and nonferraeiiting 
doughs, showing that -flour constituents do not appear to increase the 
rate of oxidation of glutathione by bromate, and suggesting that '‘the 
oxidized glutathione seems to be reduced again in the nonfermeiiting 
dough/’ Very much more persulfate than bromate was needed to 
produce similar oxidation of glutathione. This leads Ziegler to sa \4 
“It would seem that although bromate action i,n baking can be ex- 
plained to a certain extent by its o.xidation of GSH, the iinprovenieiit 
by persulphate is mai.ol'y due to- action on other .factors.” 

, In our work with glutathione ' (Freilich a'od Frey, 1939), we have 
made reference to its im.niediate or specific effects, obseiwable during 
dough mixing. The Farinograph curves in Figure 1 slioi¥ the effects 
of glu.tathione duri,ng dough mixing and on. remixing the same doughs 
after fermentation. It is evident that glutathio’ne produced changes 
in consisten-cy, the slope of the'. curve, and the tin-ie required to reach 
maxiiTiu'm, consistency^ 


The mixing time results. for Figure bare shown in Table 1. 



Fig, 1* Effects of varying airtbiiists .of CGL.) m doagb; t!ie ' upper cu.rve3 show .the 

original mixing of the doughs, aiad the Iwer curves sliowthe reraixlagof t.'h.e'S.aiiie doti,gliS'afte.r a norm..a.l 
fermentation period; the i»mt oi wmdmnm m mdicateci by the. s.mall arrow above 

each curve* 
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TABLE i 

Effects of Glutathione on Dough Mixing Time and on Remixing 

Time after Fermentation 


Glutathione per 300 g flour 

Mixing time 

Remixing time 

mg 

rnin 

min 

0 

16,0 

15.5 

25 

7,0 

8,5 

50 

4.75 

4.5 


These effects of glutathione suggested the possibility of studying the' 
interaction between oxidizing agents and reducing matter in dough. 
It seemed reasonable to expect that if reducing matter in the' dough 
were oxidized its effects in mixing would be eliminated. 

Experiments with glutathione and bromate were conducted accord- 
ingly. Table II shows the Farinograph remixing time to maximum 
consistency and the loaf volume for a series of sponge doughs. 

TABLE 1 1 

Effects of Glutathione and Bromate on Loaf Volume and Farinograph 
Remixing Time of Sponge ■ Doughs 


Treatment per 3(X) g fiour 


Glutathione Potassium bromate 


Loaf volume 


Remixing time 
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It is evident t,hat 5 mg of bromate was enough to overcome the 
decrease in loaf A'Olume due to giutathione. Jt is also apparent that 
glutathione produced a marked decrease in mixing time,, but bromate 
did not eliminate this mixing time effect; instead, it produced a further 
decrease in the mixing time, even when using five times the quantity 
which eliminated the loaf volume effect. 

This result indicated the probability that there was no direct oxida- 
tion of reducing matter by oxidizing agents in dough, and further study 
was undertaken in an attempt to learn more about the relationships 
between, the different factors involved in the oxidation-reduction s\'s- 
tems in dough. 

Effects of Bromate on Remixing Time of Sponge Doughs 

In view of the previous results with bromate, experiments with 
bromate alone were conducted to note its effects on remixing time. 

The results are shown in Table III and Figure 3. 

TABLE III 

Remixing Time of Sponges with VUrying Amounts of Bromate 
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These results showed that bromate shortens remixing time even in 
the absence of glutathione. This seems to explain the decrease in 
mixing time beyond that given by glutathione alone, when using both 
bromate and glutathione in dough. It is, however, apparent that the 
effect on mixing time of sponge doughs is not very significant Avhen 
using normal amounts of bromate — 5 mg or less per 300 g flour. 

Glutathioxie and Bromate in Straight Boughs 

Straight doughs with glutathione alone and with added bromate 
were mixed in the Farinograph to note mixing time effects. The 
results are shown in Table IV and in Figure 4. 


TABLE IV 

Effects of Glutathione and Bromate on Mixing Time in Straight Doughs 
























Fig. 4. Effects of glutathione (GL.) and bromate (BR.) in straight doughs; T.—time, 


There was a marked reduction in mixing time because of gluta- 
thione, but the effects from added bromate under these conditions were 
negligible. This result was not unexpected, because it has been shown 
in previous work that the effects of glutathione are immediate, whereas 
those of bromate are delayed; the development of acidity in the dough 
as a result of fermentation is a factor which makes the bromate effec- 
tive. The influence of bromate in straight doughs was observed , there- 
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fore, by remixing them in the Farinograph after a oormai fermentation 
period; the doughs were originally mixed in the Hobart-Swanson mixer. 
Straight doughs with bromate and glutathione gave remixing times as 
shown in Table V and in Figure 5. 

TABLE V 

Effects of Bromate and Glutathione in Straight Doughs, 
Remixed after Fermentation 


Treatment per 300 g flour 

Glutathione Potassium bromate Remixing time 


m.g 

7ng 

min 

0 

0 

16.5 

0 

50 

6.0 

25 

0 

11.0 

50 

0 

6.25 

50 

50 

2.25 



Fig. 5. Effects of bromate (BR.) and glutathione (GL.) in straight doughs remixed after fermentation; 

T. — Time. 

Both bromate and glutathione individually produced great de- 
creases in remixing time, but the reduction produced by their com- 
bined effects was far greater than that of either one alone. These 
results thus confirmed the above findings for sponge doughs. 

Effects of Oxidized Glutathione and Oxidized Sodium Sulfite ^ 

In view of the results thus far obtained, it appeared of interest to 
study the effects of oxidized glutathione; oxidized sulfite was also tried, 
because sulfite produces mixing effects in dough like those of gluta- 
'thioiie. ■ 

Glutathione and sodium sulfite were therefore oxidized with potas- 
sium bromate and with hydrogen peroxide in acid solution (2 ml N/1 
FIG! in about 50 ml water) and then used in doughs which were mixed 
in the Farinograph, fermented, and then remixed in the Farinograph 

J Oxidized sodium sulfite is, of course, sodium sulfate; the term "oxidized sulfite” is used here to 
emphasize the point that the product was prepared in the same manner as the oxidized glutathione. 
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after fermentation. The amounts of potassium broiiiate and hydrogen 
peroxide required were determined by titration and agreed with theo- 
retical requirements. The solutions were neutralized with alkali be- 
fore mixing the doughs. The results are shown in Table VI and in 
Figure 6. Also shown in Table VI are the results of a test in which 
glutathione in water solution was oxidized with iodine before use in the 
dough, compared to a test in which the same amounts of glutathione 
and iodine were added to the dough separately, so as to avoid contact 
between them outside of the dough. 


TABLE VI 

Effects OF Oxidized Glutathione and "Oxidized Sulfite” on Mixing and 

Remixing Time 


Treatment per 300 g flour 

Mixing time 

Remixing time 


min 

min 

Sulfite, 10 mg, oxidized with H 2 O 2 

15.0 

16.0 

10 mg, oxidized with KBrOs 

15.5 

15.5 

Glutathione, 25 mg, oxidized with H 2 O 2 

7.5 

10.0 

25 mg, oxidized with KBrOa 

9.0 

9.5 

25 mg, oxidized with iodine 

9.0 

7.25 

Glutathione and iodine, added to the dough separately 

8.25 

6.5 



Fig. 6. Effects of oxidized glutathione and “oxidized sulfite” on mixing (four upper curvesl and 
on remixing (four lower curves) of the same straight doughs; S. — sulfite; GL. — glutathione; PX, — 
oxidized with peroxide; BR. — oxidized with bromate; T. — time. 


The treated sulfite acted as though it had been completely oxidized , 
as will be seen from the results shown. But the glutathione still pro- 
duced mixing time effects similar to those of reduced glutathione. 

In the following experiments, sulfite which was oxidized with iodine 
was compared to the same quantities of sulfite and iodine added to the 
dough separately ; in the latter instance, direct contact between the sul- 
fite and iodine solutions was carefully avoided before the start of dough 
mixing. For comparative purposes, the experiment also included a 
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control; sulfite alone; sullite oxidized by exposure to air overnight; 
and sulfite with an excessive amount of iodine, added separately. The 
results are shown in Table VII and in Figures 7 and 8, 


TABLE Vn 

Effects of Sulfite, ‘'“'Oxidized Sulfite,” and Sulfite with Iodine (in the 
Same Dough but Added Separately), on Dough Mixing 
AND Remixing Time 


Treatment per 300 g flour 

Mixing time 

Remixing time 


min 

min 

Control 

15.5 

15.0 

Sulfite, iO mg 

9.5 

12.5 

Sulfite, 10 oxidized with iodine fi4.i ml of 

14.5 

14.0 

O.OUV) before use in dough 



Sulfite, 10 mg and iodine, 14.1 ml of O.OUV, added 

10.75 

6.25 

to the dough separately 



Sulfite, 10 mg, oxidized by oxygen (in air) 

15.5 

15.0 

Sulfite, 10 mg and iodine, 30 ml of O.OUV, added to 

11.0 

2.25 

the dough separately 



Sulfate (Merck) 12 mg 

15.0 

15.0 



Fig. 7. Eifects of sulfite and of “oxidized sulfite” in mixing and remixing; upper curves show 
original mixing; lower curves show the remixing of the same doughs after fermentation; S. — sulfite; 
OX, — oxidized in air (see Table VU); T. — time. 



Fig. 8. Effects of “oxidized sulfite” and of sulfite and iodine when added to the dough separatelj’, 
ill mixing and remixing; upper curves show original mixing; lower curves show the remixing of the same 
doughs after fermentation; S. (I.) — sulfite, oxidized with iodine; I. S. — iodine and sulfite added to the 
dough, separately (see Table VII); T. — time. 
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These results indicated {a) a glutathione effect resulting from sulfite 
in mixing, and also in remixing, though to a lesser extent; {b) the com- 
plete oxidation of sulfite by iodine in solution; {c) the failure of iodine 
to oxidize sulfite when they were added to the dough separately; ^ 
(d) the complete oxidation of sulfite by oxygen, and {e) an added reduc- 
tion in remixing time owing to the cumulative effects of sulfite and 
iodine. 


Discussion 

The primary purpose of this paper is to report the results of a study 
of the effects of oxidizing agents and reducing matter when both are 
present in a normal dough formula. Our results tend to show that 
the improving effects of bromate are not due primarily to the oxidation 
of glutathione. This is contrary to the prevailing viewpoint, as ex- 
pressed by Sullivan and by Ziegler. Sullivan and co-workers (1936) 
state that “the oxidizing agents simply change some of the S-H gluta- 
thione to the S-S form.’' 

It is obvious that our work confirms a number of the observations 
made by Ziegler and other workers in the field, but our studies are not 
in agreement with the general conclusion reached by Ziegler, namely, 
that the improving effects of bromate are due mainly to the oxidation 
of glutathione in dough. This viewpoint is retained in his third paper, 
although some of the work presented there makes its validity appear 
doubtful. 

Our most significant results showed the difference between pre- 
viously oxidized sulfite in dough as compared to the effect of the same 
amounts of sulfite and oxidizing agent, but added to the dough batch 
without previous contact; in the latter instance, there was practically 
no oxidation of the sulfite in the dough, either during the original 
mixing or during the fermentation of the dough. 

From this it follows that reactions between pure reagents in solution 
do not necessarily indicate what will happen when the same reagents 
are present in dough. 

Since oxidizing agents overcome the harmful effects of reducing 
matter on loaf volume and texture without at the same time eliminating 
the effects of the latter on mixing time, and since there is a difference in 
effect between “oxidized sulfite” as compared to equivalent amounts 
of sulfite and oxidizing agent added separately, it is indicated (a) that 
reducing matter may not be oxidized in dough, and {h) that reduction 
and oxidation may involve independent factors in dough. Reducing 

2 This result (c) would represent conditions in actual baking practice, where there is no direct 
contact between the oxidizing agent and any reducing matter that may be present, before the dough 
is' mixed. 
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agents seem to act on the gluten, while oxidizing agents may act either 
on another part of the gluten complex, or possibly on some substance 
associated with it, such as the pentosans described b}'^ Baker and co- 
workers (1943). Reduction tends to soften the dough and make it 
stringy, while oxidation tightens the dough, though at a later stage 
in the procedure, when bromate is the oxidizing agent used; the two 
effects thus counteract each other, and when properly balanced will 
produce good volume and texture. 

Reversible oxidation-reduction systems in dough are indicated (a) 
by the mixing effects of oxidized glutathione, which is possibly reduced 
during mixing and remixing, and (b) by the elimination of the “excess 
bromate” effect in remixing, with a decrease in mixing time, caused 
perhaps by the reduction of substances oxidized by bromate. 

The failure of the common oxidizing agents to combine with added 
reducing matter in dough is not difficult to understand when it is con- 
sidered that even under ideal conditions in solution these reactions are 
not instantaneous. In dough, opportunities for contact between these 
substances are greatly reduced; in addition, the presence of other oxi- 
dizable matter in dough is another factor tending to lessen opportuni- 
ties for such contact. 

Summary 

Reducing matter, among other effects, shortened dough mixing time 
to a marked degree, as indicated by Farinograph curves. These effects 
were not eliminated by oxidizing agents, even when present in excessive 
amounts or in amounts sufficient to overcome the loaf volume reduction 
due to glutathione. 

Oxidizing agents produced a decrease in mixing time after fermen- 
tation which was apparently independent of the effects of added reduc- 
ing matter. 

There was a marked difference between the mixing effects of “oxi- 
dized sulfite” as compared to the effects of equivalent quantities of 
sulfite and oxidizing agent added to the dough separately. 

Oxidized glutathione was found to produce mixing effects in dough 
similar to those of reduced glutathione- 

Reduction and oxidation probably involve different factors in dough 
and their effects tend to counteract each other with respect to bread 
quality. '; ' 

Literattire Cited 

Baker, J. O., Parker, H. K., and Mize, M. D. 

1943 The pentosans of wheat flour. Cereal Ghem. 20: 267-280. 

Ford, W. P., '.and Maiden, A. M. 

1938 The effects in dough of glutathione and papain. J. Soc, Chem. Ind. 57: 

278-281. 



July, 1944 


J. FREILICH AND C. N. FREY 


251 


FreiiichpJ. 

1941 A metliod for the determination of reducing matter in flour. Cereal 
Chem. 18: 129-137. 

and Fre^/, C. N._ 

1939 Dough oxidation and mixing studies. HE The effects of proteases and 
reducing substances on dough when mixed in oxygen. Cereal Chem. 16: 
503-512. 

Shen, Ting, and Geddes, W. F. 

1942 Protease activity and reducing matter content of wheat flour doughs in 
relation to baking behavior. Cereal Chem. 19: 609-631. 

Sullivan, B., Howe, M., and Schmalz, F. D. 

1936 On the presence of glutathione in wheat germ. Cereal Chem. 13: 665-669. 

Swanson, C. O., and Andrews, A. C. 

1944 Factors which influence the physical properties of dough. VL Effect of 
cvsteine and some other substances on mi.xogram patterns. Cereal Chem. 
21: 140-149. 

Ziegler, E. 

1940 Dough improvement studies. I. Oxidation of glutathione by potassium 
bromate. Cereal Chem. 17 : 460-468. 

1940a Dough improvement studies. IL The eff'ect of adding oxidized gluta- 
thione to wheat-flour doughs. Cereal Chem. 17: 551-555. 

1940b Dough improvement studies. III. Further studies on the oxidation of 
glutathione by bromate, chlorate, and persulphate. Cereal Chem. 17: 
556-564. 


LABORATORY MALTING. IV. A GERMINATION CHAMBER ■ 
FOR ROUTINE MALTING TESTS' 

W. 0. S. Meredith, 2 K. Hlynka/ and H. R. Sallans^ 

Grain Research Laboratory, Board of Grain Commissioners for Canada, 
Winnipeg, and National Research Laboratories, Ottawa 

(Manuscript received for publication, Januarj^ 21, 1944; presented at the Annual Meeting, May 1944) 

The development of laboratory malting equipment on this continent 
was described by Anderson (1937) when he reported on equipment 
installed in the National Research Laboratories, Ottawa. This equip- 
ment was designed for examining the effect of changes in malting pro- 
cedure on the evaluation of malts (Sallans and Anderson, 1939 and 
other papers in the series) with the object of developing a routine 
method for testing barleys for malting quality. Shortly after the 
studies at Ottawa were started, the malting equipment built at the 
University of Manitoba in 1927 was overhauled and details of the 
changes were published (Anderson and Rowland, 1937). Malting 
studies conducted at the University of Wisconsin (Dickson et al, 1942) 
and in Canada (Anderson, Sallans, and Meredith, 1941, and Anderson, 
Meredith, and Sallans, 1943 and earlier papers in these series) have now 
resulted in the laboratory malting test becoming a standard tool in 

1 Published as paper No. 64 of the Grain Research Laboratory, Board of Grain Commissioners for 
Canada, Winnipeg, and as paper No. 222 of the Associate Committee on Grain Research. 

2 Chemist, Grain Research Laboratory. 

3 Experimental Maltster, Grain Research Laboratory. 

‘^Formerly Biochemist, National Research Laboratories, Ottawa; now Biochemist-ln-charge, Oil 
Seeds Laboratory, University of Saskatchewan, Saskatoon. 
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barley research. Equipment for long-time use has been designed and 
tested in Canadian laboratories, and an improved germiiiator for 24 
250-g samples is described in this paper. 

The new germinator combines the better features of both the 
earlier Canadian models. It has been in operation for two and a half 
years in conjunction with a steep tank and kiln already described 


Fig. 1. Exterior view of the germinator, 

(Anderson and Meredith, 1940; Anderson and Rowland, 1937). With 
a 6-day germination period, this equipment produces well-modified 
malts, with satisfactory malt yield and root loss, and it has proven 
satisfactory in all respects for routine studies. 


Equipment and Malting Methods 

A photograph of the germination unit is shown in Figure 1, and a 
drawing showing the main working parts is given in Figure 2. The unit 
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comprises essentially a sample chamber and a conditioning chamber, en- 
closed in a common case insulated with 4 inches of cork. The whole is 
protected on the outside by sheet metal and is set inside a X li"' 
X i'' welded angle-iron frame that also serves as a stand. 

The sample chamber A is 28" wide X 24" X 24" and has a rotating 
brass frame B which carries 24 sample containers. The conditioning 
chamber C is 15" X 15" X 40" high; the lower portion D is filled with 
water to a depth of 10 inches, and the top 6 inches is fitted with 
baffles E. 



Air is drawn continuously from chamber A by the fan F, passed 
through the spray chamber C where it is humidified, and returned 
through baffles E and distribution plate G into the sample chamber. 
The fan is set in a duct below chamber A connecting it with the spray 
chamber near the water level . The spray ^ by which air conditioning is 
effected, is created by a rotor shown at H. The temperature of the 
water in tank D is controlled by an indicating controller with its sensi- 
tive element placed in the germination chamber at J, The water level 
is maintained by a simple adjustable overflow device K. A dial-read- 
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ing thermometer, with the bulb L placed in the water tank^ provides a 
means of estimating the relative humidity in the system, by comparing 
the temperature indicated by this thermometer and that indicated by 
the indicating' controller. 

A single J hp motor operates both fan and spray rotor at 1100 rpm 
by means of V-pulleys to maintain the desired conditions. A J hp 
SO 2 refrigeration unit, actuated by the control mentioned above, cools 
the water. The system is protected against freezing by an auxiliary 
thermal cut-out, the element of which is indicated at M. A ^ hp 
motor operating through a double worm speed reducer and a chain and 
sprocket assembly rotates the frame B at 3 rp hour (Fig. 1). 



All materials used for interior construction are corrosion resistant. 
The lining of the sample chamber is 24-gauge copper as are also the fan 
duct and baffles. The conditioning chamber is made from 16-gauge 
brass, brazed at the seams, with a 12'" X 16'' inspection plate at the 
back; the fan is also assembled from brazed brass; and the air distribu- 
tion plate G is made from brass. Shafts are stainless steel and 
packing glands are brass. The frame that carries the sample containers 
is made from angle brass; and the spray rotor consists of five 4|" 
diameter notched -and -bent disks made from 16-gauge stainless steel. 
All shafts pass through watertight bearings and no air enters the sys- 
tem except when the door is open. 

The cages N in which the samples are malted are stainless-steel 
cylinders, 6 inches in diameter and 5 inches high, with 48 one-eighth 
inch holes spaced evenly over the cylindrical surface. One of these 
cages is shown in Figure 3. Various types of cages were tested and it 
was found that there was excessive loss of moisture from samples in 
wire mesh containers. 


July, ^1944 w. O. S. MEREDITH, K. HLYNKA, AND, H, R. SALLANS , '255 

The unit is now operated' to produce an air temperature inside the 
germination unit of 53 °F .with a relative humidity of approximately 
100%. The water temperature and sample chamber temperatures are 
practically identical, and the capacity of the unit is such that after 
insertion or removal of samples, with ensuing entry of outside air, 
operating temperature and humidity are rapidly regained. The tem- 
perature of the malts in the cages now in use rims above that in the 
chamber and reaches a maximum of about 60®F on the third day fol- 
lowing the addition of water to the samples. 

Method, Under routine conditions, the malting laboratory pro- 
duces 24 malts per week. The malts are made in batches of 12, and 
the batches are spaced alternately 3 and 4 days apart. By this pro- 
cedure the steep tank and kiln, which each hold 12 samples, are in 
continuous use, and the germination chamber always contains two 
batches of different age. 

The samples are steeped to 44% moisture content at 50‘^F (Ander- 
son and Meredith, 1940), and then transferred to the germination 
chamber which is maintained at 53®F and 100% relative humidity. 
After 66 hr in the germinator, water is added to the samples to bring the 
moisture content up to 46%. The samples are then grown for three 
more days, making a total of six days in the germinator. They are 
then transferred to wire mesh cages and placed in the kiln (Anderson 
and Rowland, 1937) for a 48-hr kilning schedule. Roots are removed 
from the samples after kilning by kneading in a. small bag and sifting 
the sample. 

The system now in use to prevent matting of the samples in the 
germinator is a combination of the Ottawa and Manitoba procedures. 
The cages are rotated at 3 rp hour during the day and kept stationary 
for 12 hr overnight. The malts made in continuously rotating cages 
were similar to those produced in the Ottawa equipment, in that modifi- 
cation was good, but root losses were somewhat high and malt yield 
somewhat low. On the other hand, when the cages were stationary, the 
malts were similar to the original University of Manitoba malts; root 
losses were very low, malt yield was very high, and there was consider- 
able undermodification. 

Precision, The germinator has been in use for two and a half years 
for testing plant breeders’ varieties and other laboratory samples. 
Malts that are satisfactory in modification have been produced from 
the malting varieties and the reproducibility of the equipment, as 
measured by differences between duplicate samples, is adequate. The 
standard deviations for the mean of duplicates for a number of routine 
investigations carried out in the laboratory are given in Table L 
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TABLE I 


Standard Deviations for Means of Duplicates for Malt Properties 


Project 

No. of 
vari- 
eties 

No. of 
sta- 
tions 

D.F. 

Malt 

yield 

Roots 

Sacchari- 

fying 

activity 

Extract 

; Wort N. 

U. of Alberta : 

4 i 

3 

12 

% 

0.14 

% 

0.14 

1.6 

% 

0.12 

% 

0.007 

Sask. Regional 

6 

3 

18 

0.22 

0.20 

2.1 

0.14 

0.014 

Ont. Regional 

4 

12 

45 

0.32 

0.25 

3.2 

0.17 

0.019 

National Trials 

6 

5 

30 

0.21 

0.14 

1.6 

0.17 

0.010 


A further measure of the reproducibility of the equipment was ob- 
tained by making four consecutive replicate batches of malt — preceded 
and followed by blank batches — from samples of two barleys. The 
mean values for the malting and malt properties of each batch are 
given in Table If. The analyses of variance of the data are given in 
Table III. 


TABLE II 

Mean Values for Malting and Malt Properties for Each Batch 


Property 

Batch 

I 

II 

III 

IV 

Weight after germination, g 

461.4 

460.1 

461.7 

460.2 

Malt yield, % 

91.4 

91.6 

91.5 

91.4 

Roots’ % ^ 

4.4 

4.3 

4.5 

4.3 

Saccharifying activity, °L 

115,7 

110.9 

110.3 

108.5 

Extract, % 

75.3 

75.4 

75.3 

75.3 

Wort nitrogen, % 

1.07 

1.07 

1.06 

1.08 

Index of nitrogen modification, % 

37.2 

37.2 

36.7 

37.6 


TABLE III 


Mean Squares for Various Properties 


1 

Property 

Mean squares 

Batches 

Samples 

Ba.Xsarn. i 

Within ba. 

: Weight after germination, g 

2.083 

0,080 

0.307 

0.850 

Alait yield, ■%. 

0.163 

0.010 

0.277** 

0.030 

Roots, % 

0.083* 

0.001 

0.003 

0.025 

Saccharifying activity, °L 

114.8** 

225.3** 

4.2 

7.9 

Extract, % 

0.037 

0.227 

0.023 

0.021 

Wort nitrogen, % 

0.0012 

0.0019 

0.0007 . 

0.0005 

Index of nitrogen modification, % 

1.554 

1.172 

0.731 

0.530 

Degrees of freedom 

3 

1 

' 3: ■ 

40 


^ Denotes significantly greater than mean square due to error within batches. Single signs denote 
that 5 % level of significance is attained. Double signs denoteThat 1% level of significance is attained. 
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- Differences between batches are very small, except with respect 
to saccharifying activit 3 /, and the interaction errors between batches 
and samples and the errors within batches are small. The variations 
in saccharifying activity may be attributed to kilning; saccharifying 
activity is considerably more sensitive to deviation in kilning tempera- 
ture than to changes in germination conditions. 

Discussion 

The faults and virtues of the equipment originally installed at the 
University of Manitoba and in the National Research Laboratories, 
Ottawa, were taken into account in designing the new germinator. 
The unit resembles the Ottawm equipment in that the air is circulated 
continuously and is conditioned b\^ means of water spra\"ed from a 
controlled bath a notched-disk rotor, and sample cages are clamped 
on a rotating frame. It resembles the Winnipeg equipment in that the 
conditioning chamber and germination chamber are one unit, which 
minimizes the rise in air temperature between spray and germination 
chambers and thus facilitates the maintenance of high relative humidity 
in the latter. 

The equipment has sufficient flexibility in the control of tempera- 
ture, humidity, and air speed to permit studies of malting procedures- 
An important feature is that there is no bleed -in of air, so that the 
carbon dioxide content of the air in the chamber is increased by the 
respiration of the growing samples. When the equipment was built, it 
was the intention to install an auxiliary carbon dioxide supply, with an 
automatic control in the chamber, to provide for studies of the effect 
of malting at different carbon dioxide levels. This development was 
prevented by the war, but will be kept in mind for future consideration. 

The equipment is now installed in the Grain Research Laboratory, 
Board of Grain Commissioners for Canada, Winnipeg, together with 
the steep tank described by Anderson and Meredith (1940), and the 
kiln described by Anderson and Rowland (1937). These three units 
are characterized by simplicity of design and sturdy construction, but 
incorporate many automatic features. They provide the equipment 
required for routine laboratory malting of 24 samples per week. The 
malting method has been designed to produce malts similar to those 
made in commercial plants, and to evaluate the malting quality of new 
varieties of barley in comparison with the standard variety, O.A.C. 21. 
The equipment and method fulfill these conditions admirably, and pro- 
vide a standard malting test of adequate precision for all routine 
studies. 
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Summary 

A laboratory germinator with a capacity for growing twenty-four 
2S0-g malts is described- It consists, of a sample chamber and a 
conditioning chamber, enclosed by a common insulated case. Air is 
circulated continuously through the two chambers. It is humidified 
and cooled in the conditioning chamber, and maintains conditions of 
53°F at saturation within close limits in the sample chamber. Samples 
are grown in cylindrical containers clamped on a rotating frame. The 
unit has been in use for over two years, and produces well-modified 
malts with adequate reproducibility. 
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STORED AND DAMAGED WHEATS FOR STARCH 
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Since about 1941 there has been a tremendous increase in corn 

utilized by the corn wet-milling industry in the United States. Ap- 
proximately 75 million bushels annually are normally used by wet 
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millers for the production of starch, dextrins, corn sirup, corn sugar, and' 
by-products. In 1942, wet millers ground 130 million bushels. The 
increased demands for starches and glucose have arisen because of the 
large quantities required for iend-lease purposes and for essential war 
industries, and to the virtual cessation of importation of tropical 
starches. Even though the starch industry has been operating at full 
capacity, it has not been able to satisfy all the demands for its products. 
Voluntary rationing of starches, sirups, and other products has there- 
fore been necessary. 

The industry has faced the additional problem of an uncertain 
source of raw material. Grain consumption and distribution have 
been affected by a combination of war measures leading to a shortage of 
corn on the cash market. The estimated disappearance of corn for 
feeding and industrial use during the 1942-43 crop year exceeded the 
1943 crop production by more than 175 million bushels. The deficit 
is being inadequately met by drawing on the carry-over and by ra- 
tioning to essential users. No relaxation in the demand for corn can 
be foreseen over the next few years. Exhaustion of the carry-over and 
a shortage of corn must result unless steps are taken to equalize corn 
production and disappearance. 

Producers or prospective producers of starch or sirups may have to 
use wheat and other small grains as raw material. Unfortunately, 
these grains are scarcely more plentiful than corn. Because of the pre- 
eminent position of wheat as a food and the possible need of exporting 
large quantities to stricken parts of the world, as well as its recently 
attained position as an industrial raw material, a liberal stockpile of 
wheat is a necessity. From the standpoint of economy of foodstuffs, 
it would therefore seem desirable to obtain starch, whenever possible, 
from such wheat and other grains as cannot advantageously be used 
for food or feed. 

Although grain stored under the most favorable conditions may 
retain its milling and baking characteristics for several years, storage 
for a longer time or under less favorable conditions will not only lower 
its milling value but also decrease its worth for food or feeding (Jones 
and Gersdorff, 1941 ). As of March 31 , 1943 , there were about 52 
million bushels of corn and approximately 245 million bushels of wheat 
from the crop years of 1938 to 1942 inclusive, owned by the Commodity 
Credit Gorporation. By December 31 , these amounts had been re- 
duced to 0 and 116 million bushels, respectively. During this period^ 
all of the aged grain stored on farms, on loan, Jiad been called in, and 
much of it had been sold. Some of the grain held by the Commodity 
Credit Corporation, as well as much of that stored privately on farms, 
may serve as feed, but movement of stored grain to industry, with 
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consequent release of all current crops for food and feeding, would be 
preferable from the nutritional standpoint. 

Weather, disease, or insects may cause more damage to grain in the 
field that it would suffer in storage. At marketing centers, approxi- 
mately 2 to 24% of the wheat inspected is put into “sample grade” 
because of some type of damage. The amount varies with season and 
locality. It was conservatively estimated in June 1943 that 2.5% of 
the wheat on hand in this country w^as of sample grade. Although 
this percentage was low, it amounted to 20 million bushels, a quantity 
which would not be negligible if made available for starch production. 

Stored and damaged grains, especially wheat no longer suitable for 
food or feeding, appear to be logical supplements of corn for the pro- 
duction of starch and starch derivatives. Little or no information is 
available, however, as to processing difficulties which might be ex- 
pected. Knowledge concerning the properties of starches from stored 
and damaged wheats is equally scanty. Studies reported below were 
therefore carried out on representative unstored sound, stored sound, 
and disease-, w^eather-, and heat-damaged wheats, to determine com- 
parative ease of processing, and to characterize the starches obtained. 
These wheats will hereafter be referred to as “sound,” “stored,” and 
“damaged,” respectively. 

Experimental 

Samples of stored wheat from all known sources and all available 
types of damaged wheat were obtained in an attempt to get material 
as old and as severely damaged as possible. Sound, stored, and dam- 
aged wheats were obtained from state experiment stations in this 
country and from Canada. Additional samples of stored and damaged 
wheats were furnished by the Commodity Credit Corporation and the 
Office of Distribution of the War Food Administration. The sound 
w^heats included Chief kan, Kawvale, Triplet, Rex, and Hymar which 
represent types of wheat that, because of relatively poor milling or 
baking characteristics or because of the area in which they are grown, 
are often produced in excess of demand. 

Extraction Methods. The wheat ivas thoroughly cleaned before 
processing, but care was taken not to lessen the degree of damage in 
stored or damaged wheat samples. The whole grain, rather than 
flour, was used as raw material for starch extraction. This obviated 
the necessity for milling quantitatively a large number of small sam- 
ples. Preliminary experiments had shown that comparable results 
were obtained when whole wheat and flour were processed. 

Laboratory processing methods involving the steeping of wheat, 
either in water or in a weak solution of sulfur dioxide in water, were 
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used. Preliminary experiments showed that starch could be more 
easily extracted after the sulfur dioxide steep. The water steep was 
used as the basic extraction method, however, since it more nearly 
simulated commercial wheat starch extraction conditions and avoided 
possible removal of undesirable odor or color from damaged grain by 
the sulfur dioxide. A water steep also eliminated the possibility of 
action on the starch by sulfur dioxide. The acid steep was used for 
comparative purposes or to process wheats that did not give good fields 
or white products after a water steep. 

The two laboratory processing methods used are described under 
(1) and (2) below. 

(1) A weighed amount of wheat, generally about 400 g, was steeped 
in cold distilled wmter at approximately 4°C for 24 hr, ground twice 
through a Russwin No. 2 handmill with nut-butter cutter, after which 
it was made into a stiff dough with distilled water and allowed to stand 
1 hr at room temperature to permit hydration of the gluten. Starch 
was then removed by working the more or less coherent mass in suc- 
cessive portions of distilled water. All e.xtraction liquors were com- 
bined and worked on No. 17 standard bolting silk to remove pieces of 
bran and the larger gluten particles with which the starch was con- 
taminated. The partially cleaned starch was recovered from suspen- 
sion by centrifuging. Finely divided gluten was removed by scraping 
away the upper layer which formed during centrifuging. This layer 
also contained small starch granules and, in general, corresponded to 
the material passing over the end of a commercial starch table. The 
starch was resuspended in distilled water, centrifuged, and the gluten 
and other light matter scraped away as before; several repetitions of 
this procedure yielded a white starch with minimum contamination, 
which was dried in a mechanical convection oven at 44‘^C to a moisture 
content of about 12-15%. 

(2) A weighed amount of wheat was steeped in a glass container in a 
water bath at 44°C for 24 hr in distilled water or in SO 2 solution of 
known concentration, usually 0.20%. The steep water was contin- 
ually circulated by a centrifugal pump. At the end of the steeping 
period, the steep liquor was decanted and the wheat ground in the 
same manner as described under (1). The ground material was imme- 
diately suspended in distilled water and worked on No. 17 standard 
bolting silk. From this point on, the procedure was the same as 
described under (1). This is essentially the method described by 
Slotter and Langford (1943). 

Prime-quality starch is obtained by both of these methods. Both 
methods give recoveries approximating those obtained industrially 
from wheat.' ' ' 
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Analytical Methods, Wheat moisture contents were determined by 
drying the ground grain for 1^/2 hr at 130°C in a Brabender moisture 
tester. Moisture- of starch was determined by drying a 0.2-g sample 
to constant weight over P2O5 at 100°C in an Abderhalden drier. Per- 
centage of starch in wheat was determined by a diastase method (Asso- 
ciation of Official Agricultural Chemists, 1940). Nitrogen was deter- 
mined by the Kjeldahl-Gunning- Arnold method (xA.O.A.C., 1940) with 
the modification that the ammonia was received in boric acid solution 
(Winkler, 1913). The ash content was determined by incinerating the 
starch at 700*^0 for 3 hr. 

Viscometric Methods, Viscosity measurements were made in a 
Stormer viscometer, using the 100-g weight. Determinations were 
made at 90'’C, using either 2 or 3.5% suspensions of starch in distilled 
water pasted for 10 min in a boiling- water bath. Eleven readings were 
taken on each sample, the first immediately after the paste was placed 
in the viscometer cup, the others at 1-min intervals thereafter. No 
change was observed during this period when 2% pastes were used. 
The viscosity of 3.5% pastes decreased, however, during successive 
determinations; for this concentration the first and eleventh readings 
are recorded. 

TABLE I 


Data on Extraction and Properties of Starch from Sound Wheat 
(All data given on moisture-free basis) 


Wheat 

Starch 









Relative viscos- 









ity of paste 




Starch 


Re- 

Ni- 



1 


Type 

Variety 

Origin 

con- 

Steep used 

COV-: 

tro- 

Ash 


3.5% 




tent 


ery ! 

gen 













2 % 












Ini- 

10- 










tial 

min 

" '' '' ' ' ' 



% 


% 

% 

% 




Soft red winter 

Mixture 

Commercial 

66.7 

Cold water 

80 

0.04 

0.16 

1.4 

3.7 

3.3 

Soft red winter, 1 

TrumbuIlJ 

Wooster, Ohio 

67.5 ! 

Cold water 

75 

0.04 

0.14 

1.4 

3.5 

3.0 

Soft white 

Rex 

Colfax, Wash. 

69.7 

0.2% SO 5 i 

77 

0.04 

0.09 

1.3 

2.3 

2.2 

(winter) 



69.7 

Cold water 

76 

0.04 

0.14 

1.3 

2.3 

2.2 

Semihard red 

Kawvale 1 

Topeka, Kansas 

63.8 

0.2% SO 2 

75 

0.05 

O.IS 

1.3 

3.5 : 

2.7 

winter 



63.8 

Cold water 

70 

0.04 

0.16 

1.4 

2.7 

2.4 

Semihard red 

Triplet 

Colfax, Wash, i 

69.9 

0.2% SO 2 

78 

0.05 

0.15 

1.3 

2.6 

2.6 

winter (West- 



69.9 

Cold water 

75 

0.04 

0.15 

1.3 

2.3 

2.1 

' ern red) 











Hard .red winter 

Turkey 'j 

Minneapolis, 

65.7 

0.2% SO 2 

80 

O.OS 

0.17 

1.4 

3.5 

2.8 



Kansas 









Hard red spring 

Thatcher 

Bozeman, Mont., 

65,0 

Cold water 

75 

0.04 

0.14 

1.4 

3.1 

2.5 



1941 











Bozeman, Mont., 

66,4 

Cold water 

80 

0.04 

0.17 

1.3 

2.7 

2.3 



1942 









Hard red winter 

Chiefkan 

Wamego, Kans. 

65.5 

Cold water 

73 

0.04 

0.13 

1.4 

2.7 

2^4 




65.5 

0.2% SO 2 

77 

0.04 

0.08 

1.3 

2.4 

2.3 

,,'White'Club,- ^ 

Hymar 

Colfax, Wash. 

70.1 

0.2% SO 2 

73 

0.03 

0.10 

1.3 

2.4 

2.3 




70.1 

j Cold water 

72 

0.04 

0.13 

1,3 

2.4 

2.3 
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Processing of Sound Wheat. As a basis for comparison , starches 
were extracted from several dozen sound hard and soft wheats shortly 
after harvesting. Representative data are given in Table I. Extrac- 
tions by both methods are included to furnish a basis for comparison 
with data in other tables and to show how closely results obtained by 
the two methods agree. Use of method (1) is indicated in the tables 
by the words “cold water” in the column headed “steep used.” 

Each laboratory method yielded a satisfactory product. Recovery 
of starch usually ran between 75 and 80%. Nitrogen and ash were as 
low as or lower than the amounts found in commercial wheat starches. 
In all cases, the starches were white and had no abnormal odors. 
Viscosities were slightly (0.5 to 1.0 sec) higher than those of commercial 
wheat starches. 

Processing of Stored Wheat. About two dozen different samples of 
wheat, stored (1) under laboratory conditions, (2) in Commodity 
Credit Corporation bins, or (3) on the farm, were processed in 1943 for 
starch. All samples were reported to be sound when placed in storage 
and none had become damaged while stored. Representative data are 
summarized in Table II. 


TABLE II 

Data on Extraction and Properties of Starch from Stored Wheat 
(All data given on moisture-free basis) 


Wheat 


Starch ^ 





Starch 

con- 

tent 

1 

1 




Relative viscos- 
1 ity of paste 

Variety 

Source 

Crop 

year 

Steep used 

1 

Re- 

cov- 

ery 

Ni- 

tro- 

gen 

Ash 

2% 

3.5 

Ini- 

tial 

10- 

min 



i 

% 


% 

%,i 

% 1 

■ ! 



Thatcher 

C.C.C. bin, Jamestown, 

1941 

62.7 

Cold water 

75 ^ 

0.05 i 

0.12 

1.3 ‘ 

3,1 i 

2,6 


No. Dakota 

1940 

61.0 

Cold water 

80 

0,05 1 

0.17 

1.4 i 

3.4 ! 

2.7 

Marquis 

Paskweign, Saskatchewan ^ 

1928 

61.7 

Cold water 

65 

0.04 

0.15 : 

1.4 

3.4 

3.0 


Bidora, Saskatchewan ^ , 

1928 

64.1 

Cold water 

65 

0.04 

0.18 i 

1.3 

2.9 

2.6 


Saskatoon, Saskatchewan ^ 

1928 

61-0 

Cold water 

70 

0.04 

0.13 ! 

1.4 

3.2 

2.8 

Turkey 

Clayton, Kansas, farm 
storage 

1927 

68.4 

Cold water 

65 \ 

0.05 

0.17 

1.3 

2.6 

i 

2.4 


1 These samples were stored in the laboratory at Saskatoon, Saskatchewan, and supplied to us 
through the cooperation and courtesy of Dr. A. G. McCalla, University of Alberta, and Dr. R. K, 
Larmour, University of Saskatchewan. 


Even after 14 to 15 years of farm or laboratory storage, wheat gave 
a good yield of starch. Recovery tended to be somewhat lower from 
old wheat but was still within the range obtained for new wheats. 
The lower recovery may have been due to peculiarities of the samples 
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other than those caused by storage. Available data on the wheats as 
they entered storage are not sufficient to elucidate this point. The 
nitrogen and ash contents and paste viscosity of starch from stored 
wheat were similar to those from new, sound wheat (c/. Tables I and II). 

Processing of Damaged Wheat. More than three dozen samples of 
damaged wffieat were processed for starch. These included musty and 
sour wheats as well as those injured by weathering, frost, scab and 
blight, 'weevil and mold, sprouting, dead germ, incipient heating, and 
heat. Data on representative samples are given in Table III. 

TABLE HI 


Data on Extraction and Properties of Starch from Damaged Wheat 
(All data given on moisture-free basis) 


Wheat 

Starch 







Relative viscos- 







ity of paste 


Starch 


1 Re- 

Ni- 





Type of damage 

con- 

Steep used 

i cov- 

tro- 

i Ash 


3.5% 


tent 


i ery 

gen 


2% 









Ini- 

10- 









tial 

min 


% 


% 

% 

% 




Frost damage, 85% 

67.0 

1 0.2% SGa 

701 

0.07 

0.11 

1.3 

3.0 

3.0 

Very musty 

65.1 

' Warm water 

j 80 

0.04 

0.14 

1.4 

3.2 

3.2 

Weathered in field 8 weeks 

64.0 

Cold water 

801 

0.05 

0.13 

1.4 

3.5 

2.7 

Scab and blight, 14% (Graded No. 5) 

61.3 

Cold water 

80 

0.04 

0.16 

JA 

3.5 

2.8 

Weevil and mold, 40%, sour odor 

I 60.0 

0.2% SO 2 

801 

0.05 

0.08 

1.4 

3.1 

2.7 

Sprout damage and incipient heat damage, 
58% 

Dead germ, 39%; heat damage, 26% 

65.2 

0.2% SO 2 

751 

0.05 

0.14 

1.4 

4.1 

3.2 

64.1 

0.2% SO 2 

501 

0.08 

0.12 

1.3 

2.6 

2.4 

Mold and slight heat damage, 49% ; weevil, 
4% 

Heat damage, 57% ; incipient heat damage. 

64.2 

0.2% SO 2 

801 

0.04 

0.12 

1.4 

2.9 

2.6 

63.4 

0.2% SO 2 

651 

0.16 

0.15 

1.2 

2.0 

1.8 

31%; musty odor 

Heat damage, 79%; incipient heat damage, - 

66.0 

Cold water 

701 

0.05 

0.16 

1.4 

3.3 

2.8 

14% 










1 A slightly musty or grassy odor was observed after the starch had been kept in a closed container 
for several days. 


Several of the damaged wheats gave off-color starch when steeped in 
cold water. In many instances, separation of protein from the starch 
was difficult. These wheats were therefore processed with a sulfur 
dioxide steep, as indicated in the table. Not only was the color of the 
final product improved, but separation of the starch and protein was 
facilitated. In the case of one heat-damaged wheat, however, con- 
siderable difficulty was experienced in removing the gluten from the 
starch. As a consequence, the final product had a high nitrogen con- 
tent '< 0 , 1 6 %). 

Starch was obtained in fair-to-good yield from all samples of dam- 
aged wheat studied. Yields were normal from most samples, but low 
from heat-damaged wheat and from that having dead germ. 
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All starches were white except those from two badly heat- damaged 
wheats, which were pale tan, perhaps due to the presence of humins. 
One of these wheat samples also had dead germ. 

Several of the extracted starches had faint unpleasant odors. The 
odor was noticed after the starch had been kept for several days in 
airtight containers. Had the starch been dried at a higher temperature 
and stored in cloth bags, as in commercial practice, practically no odor 
would be expected. The hot starch pastes had slightly more odor than 
the unpasted starches. 

In general, nitrogen and ash contents as well as paste viscosities 
were within the limits of those observed for starch from sound wheat 
(cf. Tables I and III). As already mentioned, one starch had high 
nitrogen content; this starch also had low viscosity. 

Microscopically, starch from damaged wheat could not be distin- 
guished from starch prepared from sound wheat. The granules were 
birefringent and exhibited the typical maltese cross when examined 
between crossed nicols. The gelatinization temperatures were within 
the normal range of those from sound wheats. 

Discussion 

The experimental data suggest that starches from stored and dam- 
aged wheats, excepting those badly heat-damaged or having dead 
germs, are unchanged and are therefore suitable for industrial use. 
Although the diversion of stored and damaged wheat to industry would 
be advantageous from a nutritional viewpoint, it must be recognized 
that certain factors complicate such a program. 

Wheat is stored throughout a wide area in this country. Severe 
damage likewise is rarely confined to one locality. Accumulation of 
stored and damaged stocks at the point of processing therefore presents 
a collection problem. 

Dry and possibly wet milling of some damaged wheat would require 
cleaning of the mill before it could be used for sound grains. Conse- 
quent loss of time could be justified only if the mill could operate for a 
considerable length of time on damaged wheat. In other words, only 
relatively small mills could afford to handle this grain. 

By-products from stored and damaged grain would be expected to 
be inferior to those from sound wheat. Sourness and mustiness, for 
example, might remain in the bran and decrease its feed value. The 
effects of various types of grain damage upon gluten are not known, but 
storage is reported to have an unfavorable effect upon the value of 
wheat gluten for food and feed (Jones and Gersdorff, 1941). There is 
little doubt, however, but that the by-products could be used for other 
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purposes. Some of these factors would be compensated for by the 
appreciable discount in price of sample-grade wheat. 

For some industrial purposes, grains are utilized for their starch 
content without the necessity for mechanical separation of the starch. 
Some cereal flours, for example, are pregelatinized for use as foundry 
core binders. Whole grain and wheat grits are now used by distilleries 
for the production of industrial alcohol. Such industries are also out- 
lets for most types of damaged grain in which the starch is sound. 

Summary 

Wheat stored for 3 to 15 years in a cool, dry, well-ventilated place 
in the laboratory or in farm bins is suitable for starch production. 
Recovery of starch seems to decrease somewhat as the wheat ages. 
So far as can be determined, the properties of starch are not altered by 
aging of wheat. 

Common types of damage to wheat, other than severe heating, do 
not render it unfit for starch production. A few types of damaged 
wheat yield starch having a slight off-odor. Only in badly heat- 
damaged w^heat were the properties of starch found to be modified. 

Stored wheats and most damaged wheats appear to be suitable for 
industrial uses. 
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THE AMYLOLYTIC AND PROTEOLYTIC ACTIVITY 
OF SOYBEAN SEED 

Stephen Laufer, Henry Tauber, ^ and Claude F. Davis 

Schwarz Laboratories, Inc., New York, N. Y. 
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In 1933 Orestano reported that soybean seed contains only beta- 
amylase. Recently, Newton and co-workers (1939, 1943) observed 
that the amylolytic activity of soybeans decreases slightly during 
germination and that it consists mainly of beta-amylase. These 
workers also described a method for preparing enzyme concentrates. 

There is no extensive literature on the proteinase of soybeans. 
Blagowestschenski and Melamed (1934) found that the soybean con- 
tains proteolytic enzymes which digest casein and peptone at pH 5.0. 

The investigations recorded in this paper deal with the amylolytic 
and proteolytic enzymes of soybeans and of germinated soybeans. 
These enzymes have their own important intrinsic commercial value as 
does the soybean itself. It is therefore desirable to know more about 
the enzyme systems involved and their respective activities. 

Amylase Studies 

Materials and Germination Procedure, Several varieties of soy- 
beans and other grains were used in these studies. For germination, 
the seeds were soaked in water for 24 hr at 15°C and then grown for 6 
and 12 days respectively at 1S°G. Precautions were taken to hold 
bacterial and fungal growth to a minimum, and samples that did 
become infected were discarded. After germination, the samples were 
dried in vacuum at room temperature, and in the case of soybeans the 
material was defatted with petroleum ether. 

Preparation of Extracts for Determination of Amylase Activity. For 
these tests the finely ground materials, and in the case of soybeans the 
defatted beans, were extracted with 20 parts of distilled water for 
2| hr at 20°C, shaking the mixture occasionally. Simultaneous tests 
were carried out, using papain-cysteine in the extraction for the libera- 
tion of the bound amylase according to the technique recommended by 
Snider (1941). In preparing the amylase concentrates according to 
Newton et al (1939) , 250 g of the finely ground seeds and 750 ml of 30% 
ethanol were placed in a 2-liter flask. The mixture was gently agitated 
for 10 min in a shaking machine. Then it was pressed through toweling 
and centrifuged. To the clear fluid, two volumes of ethanol were 
added. The precipitate was centrifuged off, and in the case of soy- 

^ Present address-— Publicker Commercial Alcohol Co., Philadelphia* Pa. 
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beans the yellow color was removed by washing twice with 30 m! por- 
tions of ethyl ether. The precipitates were dried in vacuum at room 
temperature. 

Methods, The methods developed by Sandstedt, Kneen, and Blish 
(1939) and Kneen and Sandstedt (1941) for measuring the amylase 
activities of malt were employed in these studies. 

Saccharogenic Activity (Kneen and Sandstedt, 1941). The degree 
of saccharification occurring in 15 min was determined, using 20 ml of 
2% Lintner starch biiifered with acetate buffer to pH 4.7, plus extract 
from the material tested and sufficient water to give a total volume of 
30 ml. Saccharogenic units were calculated as the number of g of 
soluble starch converted to maltose in one hr at 30^C by one g of dry 
material tested. As indicated in the method, a starch-extract ‘ 'blank’ ' 
was also run, and precaution was taken not to exceed 40% conversion 
of starch to maltose. 

Alpha-Dextrinogenic {Alpha-Amylase) Activity (Sandstedt, Kneen, 
and Blish, 1939). The rate of dextrinization of Lintner starch, buf- 
fered with acetate buffer to pH 4.7, was measured in the presence of an 
excess of beta-amylase, as indicated by the appearance of a “red- 
brown” color which the reaction mixtures gives with iodine. Alpha- 
amylase units were calculated as the number of g of soluble starch 
which, under the influence of an excess of beta-amylase, are dextrinized 
in one hr at 30'^C, by one g of the dry material tested. Sandstedt and 
co-workers found in numerous determinations on malt that the pres- 
ence of an excess of beta-amylase in this test causes the rate of dex- 
trinization to be 5.4 times as rapid as it would be when the same amount 
of alpha-amylase acted alone. Hence a “true” measure of the alpha- 
dextrinogenic activity of malt would be secured by dividing the alpha- 
amylase units by 5.4. 

Beta-Saccharogenic {Beta-Amylase) Activity. This activity was cal- 
culated from the saccharogenic and alpha-dextrinogenic activities ac- 
cording to the method of Kneen and Sandstedt (1941) and expressed as 
beta-amylase units indicating the number of g of soluble starch con- 
verted to maltose in one hr at 30'^C by the beta-amylase of one g of dry 
material tested. Kneen and associates have found on a number of 
malts tested that the degree of saccharification, due to beta-amylase 
alone, ranges from 74 to 94% with an average value of 84%. The 
remaining saccharification was found to be due to alpha-amylase. It 
is obvious that where alpha-amylase is lacking, the saccharogenic 
activity may be considered as being due entirely to beta-amylase. 

Dextrinogenic Activity {Knem, Beckord, and Sandstedt, 1941). 
This activity was determined under the same conditions used for alpha- 
dextrinogenic activity with the exception that the addition of an excess 
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of beta-amylase was omitted. Dexfrinogenic units were calculated as 
the number of g of soluble starch dextrinized in one hr at 30°C by one 
g of dry material tested. 

TABLE I 

Amylolytic Activity of Soybean as Compared with Barley and Wheat 


Exp. 

No. 

Grain 

Saccharo- 

genic 

activity 

Alpha- 

dextrinogenic 

(Alpha- 

amylase) 

activity 

Beta- 

saccharogenic 

(Beta- 

amylase) 

activity 

Dextrino- 

genic 

activity 

1 

Soybean A 

tinits 

15.7 

units 

trace 

itnits 

15,7 

■unUs 

trace 

2 ' 

Soybean A 

16.3 

trace 

16.3 

trace 

3 

(Germinated 6 days) 
Soybean A 

17.5 

trace 

17,5 1 

trace 

4 

(Germinated 12 days) 
Barley 

7.5 

trace 

i 

7.5 

trace 

5 

Wheat 

1 6.4 

trace 

6.4 

trace 

6 

Soybean concentrate 

201.5 

6.4 

201.0 

6.8 

7 

Barley concentrate 

210.9 

4.8 

210.7 

4.6 

8 

Wheat concentrate 

235,6 

4.3 

235.4 

4.4 


Discussion of Results, Table I presents values obtained for amylo- 
lytic activity of ungerminated and germinated soybeans, and also for 
a concentrated soybean extract. For comparison, similar determina- 
tions were made on barley, wheat, and concentrated extracts from 
barley and wheat. There is no published method available for meas- 
uring very small amounts of alpha-amylase such as may be present in 
ungerminated grain. The methods employed in the present study for 
measuring alpha-dextrinogenic activity and dextrinogenic activity gave 
results which confirm the findings of other workers to the effect that 
soybeans, like barley or wheat, contain very little, if any, alpha-amyl- 
ase. However, it was found that germination does not increase either 
the alpha-amylase or the dextrinogenic activity of soybeans, and in this 
respect soybeans differ from barley and wheat. In view of the fact 
that alpha-amylase is practically absent, the saccharifying activity of 
soybeans appears to be entirely due to beta-amylase; hence, beta- 
saccharogenic activity is identical in this case with saccharogenic 
activity. 

The soybean concentrate manifests amylase activities similar to 
that of barley and wheat concentrates. The dextrinogenic and alpha- 
dextrinogenic activities of the concentrates were measurable and were 
found to have almost identical values, which was due to the fact that 
both were determined in the presence of an excess of beta-amylase. 
However, we are inclined to assume that this measurable rate of dex- 
trinization found in the concentrates is caused rather by the sac- 
charif ying activity than by the dextrinizing activity of the eoneen - 
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trated extracts. In other words, the alpha-amylase is also here present 
only in traces and could not be estimated by the methods used in this 
study. In view of the fact that alpha-amylase activity was found to be 
negligible, under the conditions tested, the saccharogenic activities of 
the concentrates were also practically identical with their respective 
beta-amylase activities. 

The saccharogenic activity was also determined on extracts pre- 
pared with water and with papain-cysteine from ungerminated and 
germinated soybeans, and compared with those prepared from ungerm- 
inated and germinated barley and wheat. The results of these tests are 
recorded in Table II. It will be noted that, in contrast to barley and 

TABLE II 

The Effect of Papain-cysteine on Saccharogenic Activity 
(pH 4.7 — Acetate buffer) 


Saccharogenic units 


Exp. 

No. 

Nature of material 

Extraction 
with water 

Extraction witli 
papain-cysteine 

1 

Soybean A 

15.7 

16.4 

2 

Soybean A, germinated 6 days 

16.8 

16.6 

3 

Soybean B 

13.2 

13.4 

4 

Soybean B, germinated 6 days 

13.8 

13.8 

5 

Barley A 

7.5 

17.6 

6 

Barley A, germinated 6 days 

18.0 

24.7 

7 

Barley B 

5.2 

13.6 

8 

Barley B, germinated 6 days 

14.2 

19.2 

9 

Barley C 

4.6 

13.1 

10 

Barley C, germinated 6 days 

14.4 

19.5 

11 

Wheat A 

6.0 

20.1 

12 

Wheat A, germinated 6 days 

16.8 

24,7 

13 

Wheat B 

6.4 

19.6 

14 

Wheat B, germinated 6 days 

12.9 

20.7 


wheat, soybeans showed very little change in saccharogenic activity 
either in the course of germination or due to the action of proteolytic 
enzymes. In this connection it is assumed that the proteolytic en- 
zymes present in the soybean itself exert little action on liberation of 
amylase in the course of 21 hr of extraction with water at 20®C. When 
the results obtained for the water extracts and for the papain-cysteine 
extracts from ungerminated soybeans are compared with those secured 
from ungerminated barley and wheat, it is apparent that the beta- 
amylase present in soybeans is in a 'Tree’’ state, while that present in 
barley and wheat is largely in a ''bound” state, and is released from 
this bound state by the papain-cysteine action. 

The increase in saccharogenic activity of barley and wheat during 
germination is due not only to the liberation of bound beta-amylase, 
but also to the development of alpha-amylase. 
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The optimum pH range for saccharogenic activity of the soybean 
was found to be between pH 5.18 and 6.38 with an apparent maximum 
value close to pH 5.9 (Fig. 1). 



Fig. 1. Effect of pH on saccharogenic activity of soybean amylase concentrates, Saccharogenic 
units: g of soluble starch converted to maltose in 1 hr at 30®C by 1 g of concentrate. 

Judging from the Hmited number of samples tested, the potential 
or total saccharogenic activity of soybeans appears to be of the same 
order as that of barley or wheat; however, since all of the soybean beta- 
amylase is free, a simple water extract shows much more saccharogenic 
activity. For convenience, these comparative tests were made at pH 
4.7, which is the optimum for barley and wheat amylase but consider- 
ably below the optimum for soybean amylase. If determined at the 
latter pH (5.9), the values for saccharogenic activity of soybeans would 
be increased by 8-10%. 

Protease Studies 

Method. In measuring the proteolytic activity of the soybean 
extracts, a method was employed that had been used siiceessfully in 
this laboratory in several studies of a similar nature. The method was 
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essentially the Willstatter (1926) method, using an alkali titration of 
carboxyl groups in alcoholic solution as modified by Linderstrom-Lang 
and Sato (1929). In preparing the proteolytic digest, 10 ml of either a 
12% gelatin solution or a 6% casein solution which had been adjusted 
to pH 7 with citrate buffer, and 10 mi of the extract from the samples 
were mixed thoroughly in a corked test tube, both solutions having been 
attempered to 37.S°C. Two drops of toluene were added to the tubes, 
and they were then digested for 24 hr at 37.5®C. Before and after 
incubation, 2-mI aliquots were pipetted from each mixture to a titration 
flask containing 10 ml of 95% ethanol which was sufficient to stop 
enzyme action. The alcohol mixture was titrated in the presence of 
0.1 ml of 0.1% alcoholic solution of ortho-cresolphthalein with O.OSiV 
alcoholic KOH to a definite pink color. Twenty ml of boiling ethanol 
was then added, and the titration was carried again to the definite pink 
color. The increase in titration of the sample during the 24 hr 
incubation period represents the measure of proteolysis. 

Extract Preparation. In extracting the proteolytic enzymes from 
the samples, several extraction media were used; namely, water, 5% 
sodium chloride solution, 30% ethanol, and 30% and 50% glycerol. 
To 20-g samples of the ground defatted beans, 80 ml of each of the 
respective extraction fluids were added. The extraction was carried 
on with occasional shaking for 24 hr at 30°C, using toluene as an 
antiseptic. At the end of this period the mixture was centrifuged, and 
the clear extract subjected to the test method. Extraction of the 
proteolytic enzymes with water proved to be inefficient, giving titration 
values of only approximately 0.1 ml of 0.05iV’ alkali solution. Extrac- 
tion with 30% and 50% glycerol yielded the most active extracts. The 
values reported in Table III and Figure 2 were obtained with 50% 
glycerol extracts. 

Nature of Soybean Protease. No attempt was made in these studies 
to isolate the various components that are no doubt present in the 


TABLE in 

Effect of Germination on Soybean Protease 
(pH 7.0 — Citrate buffer) 


Experi- 
ment ' ' 
No. 

Type of material 

Proteolytic activity expressed in ml 

V/20 KOH per 10 g 

Soybean variety 

Y 

[ I 

c 

1''' 

Soybean, original 

1.63 

1 4.37 

1.21 

2 

Soybean, germinated 6 days 

4.03 

1 2.95 

2.43" ' 

3 

Soybean, germinated 1 2 days 

6.86 

5.85, 

: 5.39: 
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soybean protease system. In this discussion, the term * ‘protease 
activity” includes depeptidases, and polypeptidases, as well as pro- 
teinases. For this system, we propose the name “Soyin.” 

Discussion of Results, Experiments recorded in Table Hi show 
that during germination there is a very considerable increase in pro- 
teolytic activity. Three types of soybean, “Y,” “I,” and “C,” indi- 
cate some variation between soybean varieties, but the increase is 
comparable in all cases. 



Fig. 2. Effect of pH on the proteolytic activity of a 50% glycerol extract of germinated soybeans- 
Proteolytic activity units; ml of 0.Q5N KOH per 10 g soybeans. 

In Figure 2 is recorded the soybean proteolytic activity with vary- 
ing pH values, controlled by adding varying amounts of citrate buffer 
to the digests, using the substrate gelatin in one set of experiments and 
casein in the other. With increasing pH, the activity increased rapidly 
until an optimum was reached between pH 6.5 and pH 7.0. A further 
increase in pH caused only a slight decrease in activity. 

Summary 

Soybean seeds are a good source of beta-amylase. They contain, 
however, only a trace of alpha-amylase. Germination does not affect 
these enzymes to any extent. Unlike barley and wheat, soybeans do 
not contain bound beta-amylase. The optimum pH of the soybean 
amylase has been found to be in the neighborhood of pH 5.9. 
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‘‘Soyin,/’ the protease of soybean, increases considerably during- 
germination. It is extracted efficiently with 30% and 50% glycerol 
solutions. On casein and gelatin substrates, the activity of ''Soyin” 
increases rapidly with increasing pH, until an optimum is reached at 
approximately pH 6.7-7. 0, and decreases slightly in the alkaline range. 
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THE LOSS OF THIAMINE ON COOKING 
BREAKFAST CEREALS 

Howard Lincoln, E. L. Hove, and C. G. Harrel 
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(Presented at the Annual Meeting. May 1943; received for publication May 19, 1943) 

The stability of thiamine in natural substances has long been known 
to depend on temperature (Holst, 1907; Chick and Hume, 1917; Ved- 
der, 1918; Sherman and Grose, 1923; and Keenan, Kline, Elvehjem, 
and Hart, 1935). That pH also influenced the destruction of the 
vitamin by heat was demonstrated by Sherman and Burton (1926), 
Considerable data have been accumulated regarding the effect of thes| 
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factors on the loss of thiamine during the preparation of foodstuffs 
under various conditions. 

Destruction of pure thiamine on heating depends on time and pH 
(Farrer, 1941). Beadle, Greenwood, and Kraybill (1943) studied the 
effect of temperature and pH on solutions of thiamine and found that 
the amount of destruction depended not only on time, temperature, 
and pH, but also on the nature of the electrolyte present. Cocarbox- 
ylase, the pyrophosphate of thiamine, was more stable than the vita- 
min under similar test conditions (Greenwood, Beadle, and Kravbill, 
1943). 

The experiments reported herein were carried out to investigate the 
relative stability of thiamine and cocarboxylase, and to determine the 
cooking loss of the vitamin in cereals fortified with thiamine and 
cocarboxylase. 

Experimental 

The thiochrome method of Hennessy and Cerecedo (1939), as modi- 
fied by the Research Corporation Committee on the Thiochrome 
Method (Hennessy, 1941), was used throughout this investigation. 

Destruction of Thiamine and Cocarboxylase in Buffered Solutions, 
Five /ig of synthetic thiamine hydrochloride and 5-Mg equivalents of 
thiamine as cocarboxylase were placed in separate 25 mi volumetric 
flasks containing 10 ml of a standard buffer solution. Macllvaiiie's 
citric acid-disodium phosphate buffer was used to acquire pH values up 
to 6.25 and Clark and Tubs' potassium acid phosphate-sodium hydrox- 
ide buffer was employed for pH values greater than 6.25. The flasks 
were autoclaved for 15 min at 120®C, cooled immediately, and neu- 
tralized to pH 4.5, using bromocresol green as an outside indicator. 
One ml of a 10% takadiastase solution was then added to each flask 
and the volume adjusted to 25 ml. The contents of the flasks were 
mixed and incubated overnight at 40®C. The same procedure was 
carried out on control solutions except that autoclaving was omitted. 

The results illustrated in Figure 1 demonstrate that cocarboxylase 
was more labile to heat than thiamine at each pH tested. This cannot 
be attributed to incomplete splitting of the cocarboxylase by the 
enzyme, since unheated controls showed practically quantitative 
recovery. 

The Effect of pH on the Loss of Thiamine and Cocarboxylase During 
Cooking, To show a practical application of the above results, two 
samples of farina were studied. One was fortified with thiamine and 
the other with cocarboxylase (approximately 4-/ig equivalents of 
thiamine per g). Five-g samples of each farina were weighed into 
100 ml Kohlrausch flasks and 40 ml of distilled water added. Five 
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different pH values were obtained by adding disodium phosphate at 
levels of 0.0, 0.5, 1.0, and 4.0 percent. The samples were placed in a 
flowing steam cooker (100-101°C) for time intervals of 5, 15, 30, and 



^ Fig, 1 . Cornparatiye stability of cocarboxylase and thiamine hydrochloride to heat at different 
tiydrogen-ion concentrations. Solutions containing 0.5 jug equivalents of thiamine hydrochloride were 
autoclaved for 15 mm at 15 Ib pressure. 

60 min. Control samples were treated with 5 ml of IJV H2SO4 before 

COOkiBg. 

After cooking, 5 ml of liV H2SO4 were added to all of the samples 
except the controls, and the entire series autoclaved at 120'’C for 15 
min. The samples were cooled and incubated overnight at 40°C with 
takadiastase. The solutions were neutral to bromoCresol green (pH 
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4.5) before incubation. A Coleman electrometer was used to determine 
the pH of the cooked samples. 

Tables I and II show that the cooking loss increased with pH and 
time of cooking, and was greater for farina enriched with cocarboxylase 
than for that enriched with pure thiamine. 

TABLE I 

Loss OF Thiamine During Cooking of Farina Fortified with Pure 
Thiamine Hydrochloride (100-10 1°C) 


Sample 

pH 

after 

cook- 

ing 

Cooking time in minutes 

5 

15 

30 

1 60 

Thia- 

mine 

Loss 

Thia- 

mine 

Loss 

Thia- 

mine 

Loss 

Thia- 

mine 

Loss 



nils 

% 

nils 

% 

i^sls 

! % 

f^Sfi 

% 

Control 

2.0 

4.14 


4.14 


4.14 


4.14 


0.0% Na 2 HP 04 l 2 H 20 

5.8 

4.17 

+0.7 

4.05 

2.2 

3.91 

5.56 

3.72 

10.1 

0.5% Na2HPO4i2H20 

6.6 

4.35 

-1-5.08 

3.90 

5.8 

3.86 

6.76 

3.32 

19.8 

1.0% Na 2 HP 04 l 2 H 20 

6.9 

3.92 

5.32 

3.64 

12.1 

3.31 

20.0 

2.89 

30.2 

2.0% Na 2 HP 04 l 2 H 20 

7.2 

3.72 

10.1 

3,42 

17.4 

2.66 

35.8 

2.00 

51.7 

4.0% Na2HP04l2H20 

7.5 i 

3.56 

14.0 

3.24 

21.8 

1.64 

60.5 

0.74 

82.2 


TABLE II 

Loss OF Thiamine During Cooking of Farina Fortified with Pure 
COCARBOXYLASE (100“10i°C) 


Sample 

pH 

after 

cook- 

ing 

Cooking time in minutes 

5 

15 

30 

60 

Thia- 

mine 

Loss 

Thia- 
1 mine 

Loss 

, Thia- 
; mine 

Loss 

. Thia- 
1 mine 

Loss 



Mg/g 

% 

f^sls 

% 

Atg/g 

% 

mig 

% 

Control 

2.0 

3.80 


3.80 


3.80 


3.80 


0.0% NasHPO.UHjO 

5.8 

3.89 

+2.3 

3.48 

8.42 

3.12 

17.9 

2.90 

23.7 

0.5% Na2HP04l2H20 

6.6 

— 

— 

— 

— 

2.77 

27.1 

2.01 

47,1 

1.0% Na 2 HP 04 l 2 H 20 

6.9 


— 

2.88 

24,2 

2.14 

43.7 

1.49 

60.8 

2.0% Na 2 HP 04 l 2 H 20 

7.2 

— 

— 

2.49 

34.5 

1.57 

58.7 

0.84 

77.9 

4.0% Na2HP04l2H,0 

7.5 

— 

— 

1.62 

57.4 

0.76 

80.0 

0.27 

92.8 


Thiamine Loss During Cooking of Some Commercial Breakfast 
Cereals. For this study, samples of commercial cracked wheat, oat- 
meal, enriched farina, and a quick-cooking farina (with increased pH) 
were employed. The thiamine content of the samples was determined 
in the usual manner. The samples were then cooked for intervals of 
5, 15, 30, 60, and 120 min at 1 00-101 in a flowing-steam cooker. 
After cooking, determinations of pH and of thiamine eon tent were 
made. ■ 
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Table III shows that, in general, the vitamin loss during cooking 
increased with increasing pH values. None of the cereals sustained a 
significant loss of thiamine for cooking periods of 5 and 15 min. The 

TABLE III 


Loss OF Thiamine During Cooking of Breakfast Cereals (100-101°C) 


Cereal 

Thia- 

mine 

con- 

tent 

pH 

after 

cook- 

ing 

Cooking time in minutes 

5 

15 1 

30 

60 

120 

Thia- 

mine 

Loss 

Thia- 

mine 

Loss 1 

Thia-! 
mine 1 

i 

Loss 

Thia- 

mine 

Loss 

Thia- 

mine 

Loss 


Mg/g 


u-g/S 

% 

uglg 

% : 

M/g 

% 

Atg/g 

% 

Mg/g 

% 

Quick-cooking 

5.42 

6,85 

5.43 

o 

o 

4.91 

9.4 

4.46 

17.7 

4.07 

25.0 

3.21 

40.8 

farina, enriched 













Cracked wheat 

4.47: 

6.30 

4.28 

4.25 

3.89 

13.0 

3.88 

13.2 

3.61 

19.2 

3.28 

26.6 

Oatmeal 

5,74 

6.20 

5.75 

0.0 

5.60 

2.44 

5.38 

6.28 

5.18 

9.77 

4.60 

19.9 

Enriched farina 

4.14 

5.80 

4.17 

0.0 

4.05 

2.2 

3.91 

5.56 

3.72 

10.1 

3.52 

15.0 


cracked wheat and quick-cooking farina both showed appreciable losses 
during the longer cooking times. 

Discussion 

Some early investigators reported that heating or cooking of food- 
stuffs did not destroy thiamine, while other workers presented evidence 
to show that destruction did occur. Williams (1939) suggested that 
much of the conflicting evidence was due to differences in the thermo- 
lability of the free vitamin and cocarboxylase. The results of the 
present study indicate that foodstuffs rich in cocarboxylase would 
show more cooking loss than those rich in the free vitamin. Our data 
are not in accord with the report by Greenwood, Beadle, and Kraybill 
(1943) that cocarboxylase was more stable to heat than the free vita- 
min. However, the test conditions in their experiments were differen t 
from those described here; since these workers observed that the 
stability of pure thiamine at any one pH depended on the buffer 
system employed, it is possible that cocarboxylase may manifest 
similar properties. 

Although S min is sufficient time to cook breakfast cereals such as 
farina and oatmeal, the time is often extended in many cases. This is 
especially true in the preparation of cooked cereal for large groups, 
such as in our armed forces, or in restaurants and institutions where it 
may be left on a steam table for several hours. Prolonged cooking is 
undesirable since there is a significant loss of thiamine, especially in 
cereals with a high pH. ^ 



July, 1944 "HOWARD LINCOLN, E. L. HOVE, AND C. G. BARREL ■ 279 


Summary 

Pure cocarboxylase was more readily destroyed by heat than thia- 
mine in buffered solutions at pH values of 3.5 to 7.0. 

The vitamin loss during cooking, at pH values between 5.8 and 7.5, 
was greater in the case of farina fortified with cocarboxylase than when 
thiamine was used. 

Cooking tests with enriched farina, oatmeal, cracked wheat, and 
quick-cooking enriched farina showed that the thiamine loss was 
negligible for short cooking periods. The loss was increased when the 
cooking time was prolonged, especially in the instance of cracked 
wheat and farina which were cooked at pH levels of 6.3 and 6.8 
respectively. 
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THIAMINE RETENTION IN THE COMMERCIAL 
PRODUCTION OF ZWIEBACK 
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There is considerable interest in the extent of loss of thiamine in 
bakery products during processing. The Baking Industry Advisory 
Committee of the War Food Administration has recommended the 
extension of the enrichment program to baked goods other than bread 
which are capable of conveying to the consumer a full measure of the 
vitamins added. Factual data on the bake-out loss of thiamine in the 
production of many of the sweet, yeast-raised products are lacking. 
The present report provides some data on the retention of thiamine in 
the commercial preparation of Zwieback, a product which is subjected 
to both baking and toasting operations. 

Materials and Methods 

A commercial dough of the customary size was enriched by the use 
of tablets ^ in a commercial bakery. The dough formula which was 
selected and other pertinent information are provided in Table L The 


TABLE I 

Dough Formula Selected for Zwieback 


Ingredient 

% 

lb 

oz 

Flour 

100 

300 

— 

Water 

53 

159 

— 

Yeast 

2 

6 


Salt 

0.8 

2 

4 

Sugar 

14 

42 

— 

Dried skim milk 

1 

■ 3 


Malt 

2 

6 


Shortening 

4 

12 

— 

Flavoring materials 

0.11 


5.5 

Vitamins and iron 

tablets 

— 

— 


Mixing time — 7 min (high speed). 

Dough temperature out of mixer — 26.i®C (79°F). 

Total fermentation time — 3 hr at 26,7®C (80°F) ; (punched at 2| hours). 


dough was divided into 14-oz (400 g) loaves by a Baker Perkins six- 
pocket divider. 

Considerable pains were taken to secure representative samples for 
thiamine assay of the dough, of the bread made therefrom, and of the 

i The product known as B-E-X-S of the Winthrop Chemical Co. was used. 
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finished Zwieback. Four loaves, one from each quarter of the dough, 
were accurately weighed (400 g) and panned. These loaves were 
removed from the pan for assay after proofing, as the rest of the dough 
went to the oven. The loaves were flattened upon one another and a 
cross section cut for assay. 

In a like manner, 16 other loaves, one loaf taken from each third cut 
as the dough passed through the divider, were weighed, panned in four 
four-strap pans, and proofed. A Baker Perkins tunnel type oven 
which was used for baking and toasting accommodates five of these 
pans from side to side of the oven. To obtain loaves baked at both 
center and side of the oven, the 12 loaves contained in the three pans 
from the center to one side of the oven were selected for slicing and 
toasting. The remaining pan, on the opposite side between center and 
side pan, w’^as used for the assay of the untoasted loaves. The oven 
temperatures and time of baking and toasting are given in Table II. 


TABLE II 

Oven Temperature and Time in Production of Zwieback 
(Tunnel type oven) 


Operation 

■■ — % - — , — 

Temperature 

Total 
time in 
i ^^oven 

First section 

Second section 

Third section 

Fourth section 

Top 

Bottom 

Top 

Bottom 

Top 

Bottom 

Top 

Bottom 

Baking 

Toasting 

1 

168 

204 

141 

®C 

174 

°C 

177 

®c’ 

154 

160 

°C 1 
168 ■ 

7nm 

27 

174 

188 i 

132 I 

146 

1 

177 

152 

154 

166 

19 


After cooling and drying about 24 hours on the rack, the 12 loaves 
were put through the slicing machine and cut into f-inch slices. 
Weighings were made before and after slicing to record the weight of 
crumbs lost in slicing. The slices were laid as close together as possible 
on rectangular heavy metal screens for toasting; five screens just filled 
the space from side to side on the floor of the oven. The 12 loaves 
covered more than three screens, giving a representative sample from 
side to center of the oven. All screens were covered with slices and 
the oven was full throughout the toasting. 

The Zwieback obtained from the entire 12 loaves was ground and 
thoroughly mixed for a sample. Likewise the four loaves set aside for 
bread analysis were sliced, air-dried, ground, and thoroughly mixed. 
Thiamine was determined by the collaborative thiochrome method 
of Hennessy (1942), as outlined in Cereal Chem. Bull. 2 (2) : 25-29, and 
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the results expressed in terms of the total thiamine present in four loaves 
in the form of dough, bread, and Zwieback respectively. 

Results and Discussion 

It will be noted from the results in Table III that the percentage of 
the total thiamine of the dough lost in toasting the sliced loaves (20%), 


TABLE in 

Mean Thiamine Losses in Baking and Toasting 


Milligrams of thiamine in four loaves 


Percent of total thiamine of dough lost 


Dough 

Bread 

Zwieback 

In baking 

In toasting 

Total loss 

4.86 j 

3.99 

3.02 

18 

20 

1 

38 


is not much greater than the percentage lost in baking the loaves 
(18%). This is probably due to the comparatively long, flat shape of 
the loaves, which results in a low ratio of crumb to outer surface of 
loaf. Schultz, Atkin, and Frey (1942) have shown that thiamine de- 
struction in baking is much greater in the crust than in the crumb of the 
loaf of bread. 

If the toasting loss is calculated in terms of the percentage of the 
total thiamine of the bread instead of the dough, we find the toasting 
loss to be 24%. The relatively high sugar content of this product 
results in obtaining the desired color without the application of unduly 
high temperatures or long toasting times, either of which would result 
in greater destruction of thiamine. Hoffman, Schweitzer, and Dalby 
(1940) found a loss of 26% in the preparation of Melba toast from high 
Bi white bread. Melnick, Mabardie, Bernstein, and Oser (1941) re- 
ported a 15% destruction of thiamine in preparing “usual toast.'' 
Downs and Meckel (1943) found a toasting loss of 13% of the total 
thiamine of enriched bread in 50 sec toasting at the temperature of 
the household toaster. This was the degree of toasting preferred by a 
majority of persons asked to view=^ the toast samples. 

Summary 

A representative Zwieback dough was enriched with commercial 
enrichment tablets, and the dough, bread, and toast were assayed for 
thiamine by the thiochrome method. The over-all loss of thiamine was 
38%, attributable almost equally to the baking and toasting operations, 
under the conditions of the experiment. 

The toasting loss was 24% when calculated on the total thiamine 
of the bread. 
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A PREHARVEST SURVEY OF THE PROTEIN CONTENT OF' 
WESTERN CANADIAN WHEAT OF THE 1943 CROP^ 

J. Ansel Anderson, ^ K. W. Neatby,^ and I. Levi ^ 

(Manuscript received, April 13, 1944; presented at the .Annual Meeting, May 1944) 

Since 1927 the Board of Grain Commissioners' Laboratory has 
made annual surveys of the protein content of Western Canadian hard 
red spring wheat, and data for the first 12 of these have been sum- 
marized by Anderson and Eva (1943). Because the annual survey 
cannot be completed until samples have been obtained from northern 
areas where the harvest is late, and because additional time is required 
for mapping, tabulating, typing, and printing, it has rarel}" been possi- 
ble to distribute the survey report before mid-November. Some in- 
formation has been made available earlier by issuing preliminary and 
interim reports to the press, but these cannot contain detailed data. 
In one year when conditions were advantageous the final report was 
distributed on October 29, but in some years it has been delayed until 
December. Moreover, for the past three years, transport and storage 
problems have made it necessary to place certain restrictions on the 
delivery of wheat, especially during the early part of the crop year, and 
this has made it increasingly difficult to obtain samples for an early 
protein survey. In these circumstances it seemed desirable to investi- 
gate the possibilities of a preharvest survey. An initial study was 
made in 1943 and Is reported in this paper. 

Other similar studies have dealt with preharvest surveys of yield, 
and King and Jebe (1940) have reviewed the literature and contributed 
a valuable study of sampling problems. In their survey, a two-man 
team covered each crop-reporting district by car, following three evenly 
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spaced routes running north and south and three running east and west. 
One lieid was sampled after every two miles of wheat frontage, and a 
procedure for ensuring random sampling .within fields was followed. 
The investigation showed that this method of estimating and forecast- 
ing yield per acre was both practical and efficient. 

For our study, a systematic attempt to approach the ideal of ran- 
dom sampling did not seem feasible. The area to be covered was too 
large, and with current shortages of manpower, gasoline, and tires, the 
use of a car was impossible. The investigation was therefore designed 
to determine whether the simplest practical method of making a pre- 
harvest survey would give results comparable with those obtained in 
the postharvest survey. For the postharvest surveys, it is the practice 
to collect 5,000 or 6,000 samples of farmers’ deliveries to elevators in 
such a way that numbers of samples are roughly proportional to produc- 
tion in each district. But for the preharvest survey, only about 1,500 
samples — taken by country elevator agents from wheat fields just prior 
to harvesting—were collected, and no attempt was made to obtain 
proportionality between sampling and production. In both surveys, 
only a general picture of the distribution of zones of different protein 
levels was sought; indeed, this is all that is required for practical pur- 
poses. For this reason it was not necessary to design the investigation 
with detailed statistical analyses of the data in mind. It was thought 
that maps would serve best to summarize and present the results in 
such a way that the reader could check the writers’ conclusions. A 
liberal use of maps has therefore been made. 

Materials and Methods 

Preharmst Samples. The samples for the preharvest survey were 
collected by asking 3,316 of the agents at country elevators in Western 
Canada to collect one sample apiece in accordance with the instructions 
given below. It will be apparent that the task of taking samples was 
made as simple as possible; a deliberate attempt was thus made to 
facilitate the cooperation of busy agents. 

Who Takes Samples? Each buyer of a Line Elevator Company is asked to obtain 
one sample. 

Selection of Wheat Field. If you are the only Line Elevator buyer at point you 
may take the sample from any conveniently located field of wheat. If there are two 
or more Line Elevator buyers at your point, it will be necessary for you to get to- 
gether and arrange to take samples from different farms. 

Time for Taking Sample. The sample shall be taken as soon as the field is ripe 
and before it is cut. 

Method of Taking Sample. It is left to your good judgment to take an average 
sample of the field. Avoid the early spots on high ground, and the late spots in 
hollows. ' 

Size of Sample. The investigation requires a sample of about 4 ounces (130 
grams). Collect enough heads to yield this amount. 
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Threshing of Sample, If the sample is not dry enough for immediate hand 
threshing, hang it up in your office for a day or two. When the heads are dr\% put 
them in a small cloth bag and beat them with a stick. Empty the bag, blow off the 
chaff, and enclose the grain in a sample envelope on which appears your company 
name and shipping point. 

Mailing of Sample, Stick the enclosed label to sample envelope, and mail. 

A total of 1,620 samples was received (49%, of requests), but 116 
of these were spoiled because they were not dried sufficiently before 
shipment; 1,504 samples were therefore available for analysis. 

Postharvest Samples. In the early part of the crop year it is the 
practice for elevator agents at all points to send many envelope samples 
of farmers' deliveries of new wheat to the head office of their companies. 
This procedure makes it possible to check the uniformity of buying 
operations at all points. Through the kindness of the companies these 
samples are made available to the Grain Research Laboratory. From 
them there is selected a series of samples of the contract grades which 
provides good coverage of all wheat-growing areas. By making the 
number of samples taken from each crop district proportional to wheat 
production in the district, the survey is “weighted” to give a close 
estimate of the mean protein content of the crop. This method is the 
best of the procedures that have been used by this laboratory. For 
further information on methods, the reader is referred to the bulletin 
by Anderson and Eva (1943) dealing with protein surveys of Western 
Canadian wheat for the 12 years 1927 to 1938. 

Analytical Methods, It was necessary to air-dry some of the pre- 
harvest samples in the laboratory. All samples were cleaned in an 
Emerson Kicker, and moisture was determined with a motor-driven 
Tag-Heppenstall moisture meter calibrated to give the same results 
as the Brown-Duvel method. Nitrogen determinations were made by 
the Kjeldahl-Gunning- Arnold method on a 1-g sample of ground wheat 
(Hobart coffee mill) and protein data (N X 5.7) are reported on a 
13.5% moisture basis. 

Preparation of Maps. Two types of maps, dot and hatched, are 
presented. Separate dot maps are used for different protein ranges, 
and one dot is shown for each shipping point having a mean protein 
level within the specified range. Hatched maps are also based on the 
mean protein levels for shipping points. The mean data are trans- 
ferred to a 12 X 20 inch base map on which a different colored dot is 
used for each 1.0% range in protein content. As the mean protein 
levels tend to change relatively uniformly from one district to another, 
it is not difficult to draw zone boundaries separating dots of different 
colors. When one or two shipping points have protein levels outside 
the range for surrounding points, the area is frequently too small to 
show as a separate zone; but when two or three such points are fairly 
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close together it is generally possible to outline a zone that is large 
enough to reproduce on a small-scale map.' Zone boundaries are sub- 
sequently transferred to a 6 X 10 inch base map, the zones are hatched 
with '‘Zip-A-Tone,” and the map is photographed. 

Results and Discussion 

It is important to deal with the relative dates by which pre- and . 
postharvest surveys were completed, and this point is discussed first. 
The accuracy with which the preharvest survey predicted the geo- 
graphic distribution of zones of different protein level — as determined 
in the postharvest survey — is then considered with the aid of dot and 
zone maps for both surveys. And in order to provide perspective, the 
preharvest zone map is also compared with zone maps for each of the 
past 16 years. Alean protein levels for crop districts, correlation and 
regression coefficients for pre- and postharvest means, and the accuracy 
with which the mean protein levels for the whole crop were predicted, 
are then discussed. 

Comparative Rales of Collection of Samples. The rates at which 
samples were received are illustrated in Figure 1. By October L 
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Fig. 1 . Curves showing the rates at which preharvest and postharvest samples were received. 

almost all of the 1,620 samples for the preharvest survey had been 
received, but only 52% of the 5,645 postharvest samples had been 
collected. In both surveys the principal difficulty is that of obtaining 
samples from northern areas where the harvest is late. For instance, 
almost all of the preharvest samples received after September 15 came 
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from north-centra! Alberta and the Peace River Block. ' Thus in 1943 
it would have been impossible to cover the whole crop-growing area 
adequately before October 1 unless the northern samples had been 
taken before the grain was ripe. In spite of this limitation, the pre- 
harvest survey was completed over a month before the postharvest 
survey. This represents an appreciable saving of time; and in many 
years, when the harvest is reasonably early, it should be possible to 
complete the preharvest survey two weeks earlier. When the harvest 
is later in the North, it may well prove practical to take the samples 
on September 10, and to make special arrangements for drying and 
shipping them, so that the survey can be completed by mid-September. 

Preliminary maps covering southern and eastern areas where the 
harvest is early can be prepared several weeks earlier for both surveys. 
This practice has been followed for some years with the postharvest 
surveys. In the present study, however, the object was to compare 
procedures for obtaining reasonably accurate maps for the whole of the 
crop-growing area. Accordingly, it does not seem advisable to discuss 
preliminary maps. 

Dot Maps for Pre- and Postharvest Surveys, A pair of maps repre- 
senting pre- and postharvest data are shown in Figure 2 for each of four 
protein ranges: under 11.0%, 11.0 to 12.9%, 13.0 to 14.9%, and over 
14.9%. In each map, one dot was entered to represent each shipping 
point that had a mean protein level within the range for the map. The 
number of shipping points represented on each map, and the number 
of points common to both maps, are shown in Table I. 


TABLE I 

Number of Shipping Points Represented in Each Survey 


Protein range for maps 

Number of shipping points 

Preharvest 

map 

Postharvest 
j map 

Common to 
both maps 

Under n.Q% 

63 

49 

9 

11.0 to 12.9% 

247 

392 

102 

13.0 to 14.9% 

494 

836 

282 

Over 14.9% 

224 

124. , 

50 

Total 

1,028 

1,401 



It is not entirely fortuitous — though unpremeditated—that so few 
of the shipping points are common to both surveys; four large com- 
panies which supplied the majority of the postharvest samples were not 
asked to collect preharvest samples. This disparity between surveys 
creates no special difficulty in interpreting the data by means of maps, 
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but may have caused slightly greater variation in the mean values for 
crop districts (discussed in a later section) than would have occurred 
if the same set of points were represented in both surveys. 


(A) PROTEIN CONTENT UNDER 11.0% 



(B) PROTEIN CONTENT, 11.0 - 12.9% 



(C) PROTEIN CONTENT, 13.0 - 14.9% 



Fig. 2. Maps of Western Canada showing the distribution of shipping points from which preliarvest 
and postharvest samples of different protein ranges were received. 

The dot maps represent the most extensive and detailed treatment 
of the raw data presented in this paper. Nevertheless they can be 
allowed to speak for themselves. The reader will doubtless agree that 
there is great similarity between the geographic distributions of dots 
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within each pair of maps. But when the distribution of dots between 
preharvest maps is compared with the distribution between postharvest 
maps, considerable differences are apparent. These result largely be- 
cause the number of samples taken from different areas was made 
roughly proportional to production in the postharvest survey, whereas 
it was not consistent with the required simplicity to ^‘weight” the 
preharvest collections in this manner; accordingly, the areas of heavy 
production, in which protein levels of 13.0 to 14.9% predominate, are 



Fig. 3. Maps of Western Canada showing protein zones outlined from the data for the preharvest 
survey (top), and from the data for the postharvest survey (bottom). 

better represented in the postharvest survey. However, this difference 
in- method does not seem adequate to explain why the preharvest map 
for the highest protein range shows considerably more shipping points 
in central and southern Saskatchewan, and in southeastern Alberta, 
than does the postharvest map. It seems probable that the preharvest 
survey overestimated protein levels in parts of these areas. The 
writers have not been able to find an adequate and convincing explan^r 
tion of this difference between the two surveys, it may well be related 
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to variations in the weather at harvest times in different districts; but. 
the area covered by the surveys is so large, and the detailed information 
on weather is so meager, that investigation of this matter does not 
appear feasible. 



Fig, 4 . Protein maps of Western Canada for the postharvest surveys of the years 1927 to 1943, and 
for the preharvest survey of 1943. 


Hatched Maps for Pre- and Postharvest Surveys. The data presented 
in Figure 2 are summarized in the pair of hatched maps that appear in 
Figure 3. The preharvest map (top) shows larger zones of high protein 
level (dark crosshatching) than the postharvest map (bottom), espe- 
cially throughout eastern Saskatchewan. Though the agreement for 
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Other zones is by ,no means perfect, the writers believe that it is ade- 
quate for practical purposes and better than might have been expected 
in view of the methods used for the two surveys. 

Comparison of 1943 and Earlier Maps. The usefulness of the pre- 
harvest map for 1943 can be determined — and put in perspective — by 
comparing it not only with the postharvest map for 1943 but also with 
those for as many other years as possible. Accordingly, maps for the 
years 1927 to 1942, and the two maps for 1943, are shown in Figure 4. 
As these maps are reproduced on a small scale, onl}^ one range is shown 
below 13.0% protein, and the zones are outlined in less detail; some 
of the smaller ones are left out, and others have been joined to make a 
single, larger area. 

It will be readily agreed that the prehaiwest map for 1943 resembles 
the postharvest map for 1943 much more closely than it resembles the 
postharvest map for any of the other 16 years. The writers believe 
that this in itself is enough to establish the preharvest survey — carried 
out by the simple means used in this investigation — as a promising 
procedure for obtaining early information on each crop. 

Mean Protein Levels. In order to make a reasonable comparison of 
the pre- and postharvest data in terms of mean protein levels, it is 
necessary to discount the normal variation — frequently in units of as 
much as 5% — that occurs between samples collected from one shipping 
point. This can be done by working with areas that are large enough 
to be represented by a considerable number of samples; and for this 
purpose the crop districts (Fig. S) are a logical choice. 



Fig. 5. Map of Western Canada showing crop districts and principal towns. 


The mean protein levels and the number of samples for each crop 
district, for both pre- and postharvest surveys, together with data on 
wheat production, are 'given in' Table, II. ; Agreement between the pre- 
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TABLE II 


Protein Levels, Numbers of Samples, and Production for Crop Districts 


Province 

Crop district 

Protein content 

Number of samples 

Production 

Pre- 

harvest 

Post- 

harvest 

Pre- 

harvest 

Post- 

harvest 



% 

% 



imo hu. 

Saskatchewan 

4B 

15.2 

14.6 

52 

76 

2963 

Alberta 

1 

15.0 

15.0 

23 

125 

5239 

Saskatchewan 

7B 

15.0 

14.7 

40 

112 

3661 

Saskatchewan 

3BS 

15.0 

14.2 

60 

140 

9414 " 

Saskatchewan 

8B 

14.5 

14.2 

49 

214 

8314 

Saskatchewan 

IB 

14.5 

13.4 

17 

119 

676S 

Saskatchewan 

7A 

14.4 

14.3 

68 

145 

5477 

Saskatchewan 

3BN 

14.4 

14.1 

70 

152 

7834 

Saskatchewan 

6A 

14.4 

14.1 

74 

177 

10680 

Saskatchewan 

2B 

14.2 

14.1 

66 

209 

13797 

Alberta 

3 

14.2 

13.9 

20 

76 

3451 

Alberta 

5 ' 

14.1 

14.0 

22 

122 

3655 

Saskatchewan 

5B 

14.1 

13.7 

64 

203 

8837 

Saskatchewan 

3AN 

14.0 

13.8 

35 

129 

5573 

Saskatchewan 

9B 

14.0 

13.5 

26 

143 

6164 

Saskatchewan 

9A 

13.9 

13.9 

41 

164 

9530 

Manitoba 

7 

13.9 

13.4 

22 

112 

4627 

Saskatchewan 

5A 

13.8 

13.8 

57 

185 

13073 

Saskatchewan 

6B 

13.8 

13.8 

63 

212 

10543 

Alberta 

4 

13.8 

13.7 

59 

194 i 

7716 

Saskatchewan 

2A 

13.8 

13.4 

34 

107 

7979 

Manitoba 

9 

13.7 

13.3 

3 

38 

1756 

Alberta 

7 

13.5 

13.7 

31 

162 

8536 

Manitoba 

11 

13.5 

13,1 

4 

50 

2364 

Saskatchewan 

4A 

13.4 

13.9 

23 

43 

2265 

Alberta 

' 2 

13.4 

13.3 

30 

114 

4513 

Manitoba 

10 

13.4 

13.0 

16 

95 

4576 

Saskatchewan 

3AS 

13.3 

13.2 

53 

206 

15438 

Alberta 

6 

13.2 

13.3 

46 

274 

13668 

Manitoba 

3 

13,2 

13.1 

39 

177 

8793 

Saskatchewan 

lA 

13.2 

12.7 

28 

149 

8557 

Manitoba 

8 

13.1 

13.2 

22 

72 

3315 

Manitoba 

2 

12.8 

13.1 

22 

140 

6835 

Saskatchewan 

' 8A, 

12.6 

12.6 

41 

112 

5219 

.Alberta 

8and9i 

12.4 

12.6 

33 

182 

8356 

■Manitoba 

4, 5, and 6^ 

12.3 

12.6 

9 

36 

2177 

■Alberta 

10 

12.3 

12.6 

47 

256 

11224 

"Manitoba, 

1 

12.1 

12.9 

19 

74 

3931 

. Manitoba 

12, 13, and 141 

12.1 

12.8 

8 

35 

2018 

"Alberta 

15 and 161 

12.0 

11.6 

25 

77 

3901 

■: Alberta ■ 

13 

11.6 

11.5 

6 

45 

2600 

'■ 'Aiber^ta, ' 

11 

11.1 

12.0 

11 

83 

3277 

Alberta 

14 

10.8 

11.0 

17 

103 

7554 

Alberta. ■ 

12 

— 

10.2 

“ — 

6 

456 


1 Crop districts in "which little wheat was grown, and from which few samples were obtained, were 
grouped' with adjacent districts. 


and postharvest means is reasonably good: 60% of the crop districts, 
including most of those in which production was high, yield means 
differing by 0,3% or less; and for an additional 26%, the difference is 
not over 0.5%. ' ■ . 
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It is also interesting to compare the pre- and postharvest means 
for the provinces and for Western Canada as a whole. This can be 
done in three ways: by comparing the unweighted means (of the 
crop district means) ; by comparing means weighted in accordance with 
the number of samples for each crop district (actually the means for all 
samples) ; and by comparing means weighted for production in each 
crop district. The three sets of data are shown in Table HI. 


TABLE III 

Mean Protein Levels for Crop Districts for Each Survey 


Province 

Survey 

1 Mean protein levels 

Of crop district 
means 

Weighted by num- 
ber of samples 

i Weighted by 

1 production 

Manitoba 

Preharvest 

13.0 

13.0 

13.1 


Postharvest 

13.0 

13.1 

13.1 

Saskatchewan 

Preharvest 

14.1 

14.1 

14.0 


Postharvest 

13.8 

13.8 

13.8 

Alberta 

^ Preharvest 

12.9 

13.1 

12.9 


Postharvest 

12.9 

13.1 

13.0 

Western Canada 

Preharvest 

13.46 

13.75 

13.55 


Postharvest 

1 i 

13.36 

13.47 

13.43 


The three methods of calculating the means give much the same 
results. All three methods show good agreement for Alberta and 
Manitoba between pre- and postharvest means, but it is apparent that 
the preharvest survey overestimated the protein level for Saskatche- 
wan. The agreement for Western Canada as a whole is very good ; the 
means weighted by production, the best method of obtaining an accu- 
rate estimate, show a difference of only 0.12% between pre- and post- 
harvest values. As there may well be some doubt as to whether the 
postharvest survey is accurate to ±0.1%, or even to ±0.3%, the 
estimate provided by the preharvest survey must be considered 
eminently satisfactory. 

Correlation Studies, The correlation between the pre- and post- 
harvest protein levels for crop district means is r == 0.93 (w = 41). 
The scatter diagram is shown in Figure 6. Different types of dots have 
been used for the data for each province, and it is apparent that the 
swarms are relatively homogeneous. 

The regression coefficient is 0.75. Under ideal conditions, and with 
a correlation of 1.0, a regression coefficient of 1.0 might also be obtained. 
As it is a property of the regression coefficient to decrease when the 
correlation'Coefficient falls , as' a result -of extraneous random variations,; 
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the writers are not inclined to stress the, fact that the regression coeffi- 
cient is appreciably lower than 1.0. Although the regression line sug- 
gests that the preharvest survey tends to underestimate the low protein 
values and to overestimate the high protein values, it appears wise ,to 
hold this hypothesis in abeyance pending the results of additional 
studies. 



Fig. 6. Scatter diagrams illustrating the correlation between preharvest and postharvest data for the 
mean protein levels of crop districts in Western Canada. 

As a matter of interest, the equation for predicting postharvest 
values from preharvest data was calculated. It is 

y = 0,15ix + 3.2 (±0.3) 

where y is the postharvest protein level and x is the preharvest value. 
The standard error of estimate for this equation is ±0.3; and this 
appears to be a very useful level of precision. 

Summary 

A preharvest survey of the protein content of the 1943 crop of 
Western Canadian wheat was made with 1,504 samples collected just 
before harvest by country elevator agents. The results were compared 
with those given by a postharvest survey made with 5,645 samples 
taken from grain delivered by farmers to country elevators. 

The preharvest protein map resembled the postharvest map much 
more closely than it resembled corresponding postharvest maps for 
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any of the preceding 16 years. A correlation coefficient of 0.93 
{ft = 41) was obtained between the pre- and postharvest data for the 
mean protein levels of crop districts ; 86% of the pre- and postharvest 
means agreed within 0.5%. For the protein content of the whole crop> 
the preharvest data gave 13.55% and the postharvest data gave 
13.43%. The results of the investigations are considered eminently 
satisfactory, and perennial preharvest surveys are planned. 
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EFFECT OF BRAN ON BREAD BAKING 

M. R. Shetlar^ and J. F. Lyman ^ 

Department of Agricultural Chemistry, The Ohio State University, Columbus, Ohio 
(Received for publication January 28, 1944) 

Recent emphasis on the production of more nutritious bread has 
aroused new interest in conserving for human consumption the food 
values of wheat. That whole wheat bread as generally produced is 
vastly inferior technically to white bread from the viewpoint of the 
consumer is a well-established fact. Reasons for this inferiority are not 
completely known. This study was undertaken to find some of the 
reasons and, if possible, ways of alleviating them in order that better 
bread might be produced from whole wheat or long extraction flours. 

Since white flour differs largely from whole wheat in that it contains 
only small amounts of bran and germ, one or both of these fractions 
may be responsible for the undesirable characteristics of whole wheat 
flour. A logical approach to the problem seemed to be that of super- 
imposing these two constituents separately upon white flour and thus 
studying their effects. 

A review of the literature shows that a number of investigations 
have been undertaken concerning wheat germ (Sullivan, Near, and 
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EFFECT OF BRAN ON BREAD /BAKING. 

Foley, 1936 ; Sullivan, Howe, and Schmalz, 1936 and 1937 ; Bull, 1937 ; 
and Grewe and LeCierc, 1943) but that much less work has been re- 
ported on the effect of wheat bran. However, Willard and Swanson 
( 1911 ) have recorded the influence on baking of bran and bran extracts, 
as well as of a number of other milling by-products. Similar results on 
bran extracts are related by White (1913). 

Experimental 

Effect of Gramdation of Bran. It is a rather general opinion that 
bran has a mechanical effect on the process of baking, serving merely 
to dilute the gluten and disrupt the gluten films. If this postulation is 
correct, grinding the bran finer should increase the loaf volume. It 
was decided to investigate this property. Preliminary work in which 
bran was ground to different granulations in a Bantam Mikropulverizer 
without making any attempt to remove the adhering endosperm indi- 
cated that a maximum loaf volume would be produced at an interme- 
mediate granulation. Since a possible explanation might be that this 
fine grinding injures the starch granule, as reported by Jones (1940), 
the following procedure was used. Three different commercial sam- 
ples were freed from adhering endosperm by passing through the 
Mikropulverizer with screen removed, followed by sifting through a No. 
40 wire on a Great Western experimental sifter. The throughs of this 
operation were discarded and the overs divided into five portions. 
These portions were sifted and reground when necessary to obtain the 
following samples: 

1 — overs 20\¥ 

2 — throughs 20W, overs 40W 

3 — throughs 40W, overs 60 GG 

4 — throughs 60 GG, overs lOXX 

5— throughs lOXX 

Protein, ash, moisture, diastatic activity, proteolytic activity, and 
crude fiber were determined on these samples, as described in Cereal 
Laboratory Methods (4th ed., 1941). Cellulose was determined by a 
method similar to that of Grampton and Maynard (1938). Average 
diameters of the brans were determined by measuring a large number 
of bran particles, selected at random, under a microscope containing 
a scale in the eye-piece. This scale was previously calibrated with a 
slide 'micrometer. ' 

These brans were then superimposed on three different commercial 
bread flours .at the rate of 15% (15% moisture basis) and baked in 
duplicate, using a procedure described in Cereal Laboratory Methods 
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(4th ed., 1941) and a formula comprised of 100' g flour, 3 g yeast, 5 g 
sugar, 1.5 g salt, 3 g shortening, and 4,g dry milk solids. In all cases a 
control loaf was baked each day for comparison with the bran loaves. 
Since it was found that doughs containing bran were very sensitive to 
incorrect absorption, the combinations were baked a number of times 
at different levels of absorption and the maximum volume found for 
each combination. Results of this work are recorded in Table L 
Representative photographs are shown in Figure 1. 



Control 2.12 0.55 0.28 0.07 

Fig. 1. Loav^es of bread baked with various granulations of unwashed bran. Number under each loaf 

indicates average diameter of particle in mm. 

In analyzing these data, the control loaf volumes w^ere subtracted 
from the corresponding bran loaf volumes and 100 added to the result- 
ing figure. These positive figures were then treated to an analysis of 
variance, using the second order interaction, brans X flours X granula- 
tions, as the estimate of error. The results of the variance analysis are 
shown at the foot of Table L 

Correlation coefficients between these figures, which express the 
response in loaf volume to the addition of bran, and the average diam- 
eter of the bran particles are as follows: 

Fiour series Correlation coefficient 

1 -0.678 

2 -0.874 

3 -0.844 

These correlations are all significant (1% point = 0.641). 

Effect of Bran Extracts, The large volume of the loaves Gontaining 
finely ground bran indicates that bran must contain an ameliorating 
factor which increases loaf volume- as well as a 'destructive factor, whi-ch' 
influences baking. Accordingly, water, ether, and alcoholic extracts of'V'"' 
bran were, made. The'' ether and alcohol were removed, from , their cor,-''-'',-,', 
responding extracts by vacuum distillation and the residue added to 
doughs 'made "from white' flour, '"using the same formula as described 
, ,before. '' 
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TABLE I 

Effect of Bran Particle Size on Loaf Volume 


Combination 

Size 

bran 

particles 

Absorption of 

Loaf volume 

Flour 

Bran 

bran loaf 

15% m. b. 

Bran 

Control 

Response 
(Diff. + 100) 



mm 

% 

cc 

cc 

cc 

i 

1-1 

2.12 

67.5 

702 

720 

82 

i 

2-1 

2.35 

67.S 

738 

718 

120 

1 

3-1 

2.66 

67.5 

677 

718 

59 

2 

1-1 

2.12 

69.0 

730 

792 

38 

2 

2-1 

2.35 

69.0 

788 

815 

73 

2 

3-1 

2.66 

69.0 

730 

792 

38 

3 

1-1 

2.12 

70.5 

765 

800 

65 

3 

2-1 

2.35 

69.0 

712 

787 

25 

3 

3-1 

2.66 

69.0 

705 

770 

35 

Average 



68.7 

727 

768 

59 

1 

1-2 

1.08 

67.5 

737 

725 

112 

1 

2-2 

0.97 

69.0 

720 

730 

90 

1 

3-2 

1.16 

68.0 

725 

718 

107 

2 

1-2 

1.08 

69.0 

785 

815 

70 

2 

2-2 

0.97 

69.0 

832 

827 

105 

2 

3-2 

1.16 

69.0 

770 

800 

70 

3 

1-2 

1.08 

70.5 

808 

800 

108 

3 

2-2 

0.97 

69.0 

770 

787 

83 

■ 3 

3-2 

1,16 

69.0 

747 

770 

77 

Average 



68.9 

766 

775 

91 

1 

1-3 

0.55 ^ 

70.0 

772 

725 

147 

1 

2-3 

0.58 ! 

69.0 

745 

740 

105 

; . 1 ! 

3-3 

0.62 

70.0 

790 

725 

165 

2 ,i 

1-3 

0.55 

72.5 

780 

800 

80 ‘ 

■ .1 

2-3 

0.58 

69.0 

823 

827 

96 

, 2 

3-3 

0-62 

71.0 

815 

815 

100 

3 ■ 

1-3 

0.55 

71.5 

772 

787 

85 

3 

2-3 

0.58 

71.0 

780 

780 

100 

:v;; 3'' , 

3-3. 

0.62 

71.0 

760 

782 

78 

'''Average 



70,6 

781 

776 

105 


' 1-4 

0,28 

71.0 

770 

720 

150 

L. 

2—4 

0.33 

69.0 

790 

730 

160 

1"; 

•3-4 

0.30 

71.0 

720 

710 

110 

' "''2'' ■ 

1-4 

0,28 

74.0 

815 

815 

100 


2-4 

0.33 

73.0 

810 

800 

110 


'3-4. 

0.30 

74.5 

830 

815 

115 

5 ' 

",'1-4 

0.28 

72.5 

783 

780 

103 

3, 

. 2-4 

0.33 

71.5 

805 

787 

118 

3 

" 3-4 

0.30 

72.0 

795 

800 

95 

Average 



72.1 

791 

,773 

118 
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Combination 

Size 

bran 

particles 

Absorption of 
bran loaf 
15% m. b. 

Loaf volume 

Flour 

Bran 

Bran 

Control 

Response 
CDiff. + ,100) 



mm 

% 

cc 

cc 

cc 

1 

i-5 

0.07 

70.5 

802 

725 

177 

1 

2-5 

0.08 

71.5 

750 

725 

125 

1 

3-5 

0,06 

71.0 

743 

718 

125 

2 

1-5 

0.07 

73.0 

833 

800 

133 

2 

2-5 

0.08 

74.0 ; 

845 

827 

118 

2 

3-5 

0.06 

73.5 

1 805 i 

800 

? . 105 

3 

1-5 

0.07 

72.5 

1 818 

780 

S 138 

3 

2-5 

0.08 

72.5 

765 

780 

I 85 

3 

3-5 

0.06 

72.5 

785 

780 

1 105 

Average 


! 

1 

72.3 

794 

771 

1 123 


ANALYSIS OF VARIANCE FOR 

LO.\F VOLUME RESPONSE 



Degrees of 

Mean 


freedom 

squares 

Granulations 

4 

5850.6** 

Flours 

2 

5789.4** 

Brans 

2 

709.8 

Granulations X flours 

8 

552.2 

Granulations X brans 

8 

211.8 

Flours X brans 

4 

450.7 

Flours X brans X granulations 

16 

334.7 

Total 

44 



Highly signlhcatit . 


Water extracts were used to replace a corresponding amount of 
water in the dough mix. All doughs were then baked ; the loaf volumes 
were as follows: 


Extract 

Control 

Control -I- extract 


cc. 

cc. 

Water 

630 

747 

Water 

615 

730 

Water 

635 

745 

Ether 

615 

637 

Alcohol 

615 

645 


This indicates that an ameliorating substance must be present 
which is. soluble in water and at least relatively insoluble in ether and 
alcohol. ''This is in agreement with the early work, of Willard and' 
Swanson (1911) and White (1913) who found that water extracts of 
bran increased loaf volume. 

Effect of Washed Bran and Cellophane. Washed bran was prepared 
by tying coarse bran in cheesecloth and washing vigorously . under 
running water for 3 , hr. ' ' The resulting wet bran was dried as. rapidly as 
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possible at room temperature in a forced-draft air oven. The dried 
bran was then ground in the Mikropulverizer and separations of differ- 
ent granulations were made on the experimental sifter. This material 
was then added to white flours and baked in the manner described for 
, unwashed bran. iVs a control for this work, cellophane ground to cor- 
responding granulations was used. The loaf volumes are given in 
Tables II and HI. Representative photographs are shown in Figures 
: 2 and 3. 

TABLE II 

Effect of Water-extracted Bran Particle Size on Loaf Volume 


Flour 

Average diameter 
of bran 
particles 

Loaf volume 

Washed 

bran 

Control 

Response 
(Diff. -f 400) 


mm 

cc 

cc 

cc 

1 

2.49 

468 

718 

150 

2 

2.49 

608 

810 

198 

3 " 

2.49 

440 

740 

100 

Average 

i 


505 

7S6 

149 

. 1 

1.37 

485 

718 

167 

2 

1.37 

635 

SIO 

225 

.3 ' ; 

1.37 

460 

740 

120 

Average ! 


527 

756 

171 

I 

0.36 

550 

718 

232 

2 

0.35 

713 

810 

303 

3 

0.36 

613 

740 

270 

Average 


625 

756 

268 

■' 1' 

0.07 

595 

718 

277 

2 

0.07 

735 

810 

325 

.'■,'3' 

0.07 

590 

740 : 

250 

.■■''''■■..Average 


640 1 

756 

' ' 284 .. 


'■ 'ANALYSIS "OF 

VARIANCE FOR LOAF VOLUME 

RESPONSE 

Source ■of variation 

Degrees of freedom 

Mean square 

'Gra.riuiatbnS' 

3 

13,845** 

■'Flours' .■^' .' 

2 

• 6,447** 

..Interaction ■' 

6 

475 


Highly significant. 


These baking data were treated to statistical analysis by subtracting 
the control volumes from the corresponding bran or cellophane loaf 
Volumes and adding 400 to this figure. These response values were 
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TABLE III 

Effect of Cellophane Particle size on Loaf Volume 


Flour 

Av. diameter 
of cellophane 
particles 

Loaf volume 

Cellophane 

1 

Control : 

Response 
(Diff. -1- 400) 


?Km 

cc 

cc 

cc 

1 

1.02 

547 

750 

197 

2 

1.02 

497 

820 

77 

3 

1.02 

480 

750 

■■ 130 

Average 


508 

773 

135 

! 

0.67 

610 

718 

292 

2 

0.67 

570 

820 

150 

3 

0.67 

590 

750 

240 

Average 


590 

763 

227 

1 

0.27 

640 

725 

315 

2 'i 

0.27 i 

652 

784 

268 

3 ' , 

0.27 , 

695 

750 , 

345 ■ 

Average 


662 1 

753 

309 

1 

0.06 

670 

745 

325 

2 

0.06 

700 . 

820 

280 

3 

0.06 

715 

777 

338 

Average 


695 

781 

314 


ANALYSIS OF VARIANCE FOR LOAF VOLUME RESPONSE 


Source of variation 

Degrees of freedom 

Mean squares 

Granulations 

3 

24,848.7** 

Flours 

2 

12,357.3** 

Interaction 

6 

1,098.2 

Total 

11 



** Highly significant. 


analyzed for variance, using the interaction, flours X granulations, as 
error variance; the results are summarized at the foot of Tables II and 
HI. The correlation coefficient between the figures for washed bran 
and the average diameter of bran particles was “0.954, Statistical 
comparison of corresponding cellophane and washed bran' loaf volume ^ 
figures show no significant difference between the two series. 

Discussion 

Examination of.the'data on the-chemical analyses of the branS'Used'^ 
fails' to show 'any, factor-which ' might consistently 'cause/' 'the, d^ifferent' 
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granulations of bran to vary in their baking qualities on this basis alone. 
Examination of the analyses of variance and of the correlation coeffi- 
cients between bran size and loaf volume shows that the granulation of 
bran plays an important role in the baking of bread containing bran. 
Loaf volume of these breads is negatively correlated with bran size, 
indicating that the size of bran loaves increases as the bran particles 
are ground finer. This leads to the conclusion, at present realized to 
some extent in commercial circles, that better whole wheat flours may 




Control 1.02 0.67 0.27 0.06 

Fig. 2. Loaves of bread baked with various granulations of cellophane. Number under each loaf indi- 
cates average diameter in mm. 


Control 2.49 1,37 .36 0.07 

Fig. 3. Loaves of bread baked with various granulations of washed bran. Number under each loaHndi- 
cates average diameter of particle in mm. 

be produced by reducing the bran contained therein to as fine a particle 
size as possible. In view of the possibility of starch granule injury, 
this may require a grinding of the bran after separation from the endo- 
sperm. A striking feature, aside from loaf volume, w^as the change of 
color and texture as the bran size became smaller. At the last level 
of granulation in which bran particles approached flour particle size, 
it became difficult to distinguish individual bran particles in the 
finished product, and the grain and texture were similar to those of 
This is shown to some extent in Figure 1. 
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The significant differences between flours indicate, in this series at 
least, a difference in response of flours to the addition of bran. On the 
other hand, response to different brans did not differ significantly. 

An unusual feature of unwashed bran loaves' is their consistently 
large volume as compared with the v/ashed bran and cellophane loaves. 
Comparison of the washed bran and cellophane loaves shows that they 
do not differ significantly, indicating that washed bran has only a 
'‘diluting” effect on baking similar to an inert substance such as cello* 
phane. However, even in these two series, the effect of granulation is 
clearly shown. The presence of two factors in the problem of bran- 
containing doughs is then indicated. One is detrimental and merely 
mechanical and is diminished by grinding bran to a finer particle size. 
The other is an improving factor which is water-soluble, as indicated 
both by data on washed bran loaves and by work on water extracts of 
bran. The authors are at present further investigating this factor. 

Summary 

Three samples of bran were ground so that five different granula- 
tions were prepared from each. Granulations varied in average parti- 
cle size from 0.06 mm in diameter in the finest grinding to 2.66 mm in 
the coarsest. These brans were superimposed at the rate of 15% on 
three different bread flours and the resulting mixture baked, using a 
slightly modified i\.A.C.C. procedure. 

The effect of the addition of bran on loaf volume varied with the 
different flours, but the three brans produced similar results. 

A high negative correlation was found between loaf volume and 
bran-particle size. At the level used, coarse bran caused a very sig- 
nificant decrease in loaf volume, while the finest granulations caused a 
barely significant increase in loaf volume when compared to the cor- 
responding control loaves. Bran contains a water-soluble substance 
which when added to white flour doughs increases loaf volume. Water- 
extracted bran decreases loaf volume to about the same extent as 
cellophane when added to flour at the same stage of granulation. 
Results indicate that bread of good volume and texture can be pro- 
duced from flour containing finely ground bran, 
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, A COMPAJ^ATIVE STUDY OF THE DEVELOPMENT OF 
AMYLASES IN GERMINATING CEREALS' 

Eric Kneen 

Department of Agricultural Chemistry, Nebraska Agricultural Experiment Station, 

Lincoln, Nebraska 

(Presented at the Annual Meeting, May 1943; received for publication January 13, 1944) 

Most investigations dealing with the developm'eiit„o£^am>^ in 
germinating cereals have been limited to those cereals adapted to cool 
climates. For example, the nature of the amylase systems of barley 
and wheat malts is well understood. In contrasty information relating 
to the ‘/warm climate” cereals, such as maize and sorghum, is quite 
limited. The present communication deals with the results found when 
seven cereals were germinated under comparable conditions. Four of 
these can be designated as cool-climate cereals — barley, wheat, rye, 
and oats. Three are representatives of the warm-climate group- 
maize, sorghum, and rice. 

It is well known that the cereals barley and wheat are characterized 
by high levels of ^-amylase when ungerminated and by relatively high 
levels of both a- and j3-amyiase when germinated. The researches of 
Baker and Hulton (1921), Naylor, Spencer, and House (1925), Ohlsson 
and Uddenberg (1933), and Chrzaszcz and Janicki (1933) demonstrated 
that rye has amylolytic properties very similar to those of barley and 
wheat. ^ either germinated or not, was found to be 

deficient in /fl-amylase (Baker and Hulton, 1929; Ohlsson and Edfeld^ 
1933; 'Ghrzaszcz"' and Janicki, 1933).'. However, like barley, wheaUi^d'*^ 
rye, this cereal does have a:-amylase activity when germinated. 

1 Publisbedwitbtiie, approval dfibe Director aa paper No. 344, Journal Series, Nebraska Agricul- 
tural Experiroent'Statioo. ' 
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With regard to the warm-dimate cereals, Patwardhan (1929) found 
that germinated maize had both starch saccharifying and starch lique- 
fying properties, but that the ratio' of saccharifying activity to lique- 
fying activity was much lower than that characteristic of bark}- malt. 
Gore and Jozsa (1932), and . Chrzaszcz and Janicki (1933) found that 
ungerminated maize had low starch liquefying properties and negligible 
saccharifying activity. In contrast, Bernstein (1943) advanced the 
hypothesis that ungerminated maize has /S-amylase activity in small 
degree and a complete absence of a!-amylase. In a further report 
(Bernstein, 1943a), it was shown that germinated maize had both a- 
and jB-amylase activity to an appreciable extent. Sorghum exhibits 
amylolytic properties similar to those of maize— low starch liquefying 
and saccharifying properties in the ungerminated state (Patwardhan 
and Norris, 1928 ; Gore and Jozsa, 1932) and a low ratio of saccharifying 
to liquefying or to dextrinizing activity when malted (Norris and Vis- 
wanath, 1923; Patwardhan and Norris, 1928; Acharya, 1934). Recent 
studies by'Kneen (1944) indicate that the amylase of sorghum is pri- 
marily of the a type. The oj-amylase was present in* ungerminated 
sorghum in low concentrations and in much greater quantity in the 
germinated grain. 

Many studies have been made of the amylase system of rice, and 
a few of these were available to the writer. Gore and J6zsa (1932) 
found that ungerminated rice had measurable starch liquefying activity 
but no saccharifying activity. Karmarkar and Patwardhan (1931) 
and Venkata Giri and Sreenivasan (1937, 1938) likewise found that 
ungerminated rice was very low in amylolytic activity. In addition, 
the}" showed that a pronounced increase in starch saccharifying and 
liquefying properties occurred when rice was germinated. This was 
confirmed by Yamagishi (1938) and by Sreenivasan (1939). The con- 
clusion drawn from the data was that germinated rice had more than 
one amylase; in fact, Yamagishi (1938) maintained that three indepen- 
dent amylases were present — a starch liquefying, a dextrinizing, and a 
saccharifying enzyme. 

The available data show then that of the seven cereals cited, unger- 
minated barley, wheat, rye, and oats ail have considerable starch sac- 
charifying activity, oats being much lower in this respect than the other 
three., ' By 'comparison,' starch ■■saccharifying' activity :by extractsvof 
ungerminated. maize, sorghum,: or ■rice "is negligible.' A,1I the cereals 
appear to have some starch liquefying activity (Gore and' J6zsa,' 1932):', 
.'but of very 'lo'W' degree when'" compared to\that characteristic of 'their 
malts. " In all cases, germination of ' these cereals caused a. marked^ in- 
crease'in starch.'sacchari.fying: and,Iiq'Uefying' (or dextrinizing) "actmties..'. 
Malts' of 'barley,„'wheat,: and. rye were found , to^' have'' all these activities 
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in high degree, whereas the malts of oats, maize, sorghum, and possibly 
of rice showed low ratios of saccharifying to liquefying activities. 

The general conclusion has been that all germinated cereals have 
both a- and jd-amylase present, but in varying degree and in varying 
ratio to each other. The present investigation was designed to provide 
additional data on the nature of the amylase systems of a number of 
cereals. 

Materials and Methods 

Grains used for the study were 'wheat (Cheyenne selection), barley 
(Wis. ped. 38), maize (Svec Reid), sorghum (Early Kalo), rice (Blue 
Rose), and unidentified samples of rye and oats. Excepting the rice 
sample, ai! were grown under the same environment. 

The methods used for germination, drying, sampling, and analysis 
were essentiall 3 ^ those reported by Kneen, Miller, and Sandstedt (1942) 
— -sound grain was selected, steeped to a high moisture level, germinated 
by the “rag doll” technique, and dried at room temperature with the 
aid of high speed fans. “Free” and “total” (papain) extractions were 
made on both the germinated and ungerminated samples. To assist in 
stabilizing a-amylase (Kneen, Sandstedt, and Hollenbeck, 1943), dilute 
calcium acetate solution (1 mg/ml) was used instead of water for extrac- 
tions and for dilutions. Extraction was carried out at 30'^C, and when 
papain was used it was at a 10% level. Extraction times for the 
various tests are indicated. 

The methods employed for evaluating the a- and /3-amylase activi- 
ties of the samples were based on those proposed for barley and wheat 
by Sandstedt, Kneen, and Blish (1939) and Kneen and Sandstedt 
(1941). Estimation of the a-amylase activities of ungerminated 
cereals wms made according to the procedure outlined by Kneen, 
Sandstedt, and Hollenbeck (1943). Calculation of the |3-amylase 
activities of the malts is based on an assumption that the saccharifying 
potentials of the a-amylases of all the cereals examined are similar to 
those established for wheat and barley. This has been verified for 
sorghum (Kneen, 1944), 

Results 

Amylases of the Ungerminated Grains. Table I shows a comparison 
of the ungerminated grains. The “free” extracts were 1-hr calcium 
acetate extracts ; the “totar' were 18-hr extracts with 10% papain. In 
conformity with the literature it was found that the saccharifying 
activities of barley, wheat, and rye vrere high and that of oats, low. 
Starch saccharification by the samples of maize, sorghum, and rice was 
in amounts below the sensitivity of the method. Extracts of all the 
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TABLE I 

The Amylolytic Activity of Uxgerminated Cereal Grains 


Cereal 

Saccharifying activity 

^-amylase activity 

of-amylase activity 

“Free” 

Total 

“Free” 

Total 

“Free” 

Total 


units 

units 

units 

units 

units 

units 

Barley' . 

10.7 

29.8 

10.7 

29.8 

0.045 

0.058 

Wheat 

7.5 

25.1 

7.5 

25.1 

0.050 

0.063 

Rye 

9.1 

17.8 

9.1 

17.8 

0.089 

0.111 

Oats 

0.7 

2.4 

0.7 

2.4 

0.262 

0.297' 

Maize 

^ 1 

trace . 1 



0.101 1 

! 0.249 

Sorghum 

■4: 

trace 

* 


0.031 

1 0.127 

Rice 

* 

trace 

! 

\ . 
i 

0.075 1 

1 — 


* Below the sensitivity of the method used. 


samples had a-amylase activity in measurable quantities. The amounts 
of a-amylase were, however, too low to influence saccharification ap- 
preciably, so that for these ungerminated samples '‘saccharifying 
units’" were synonymous with “jS-amylase units.” 

Approximately one third of the "total” /3-amylase of the barley, 
wheat, and oat samples was readily extractable with dilute calcium 
acetate solution and about one half of the r^^e /3-amylase.- The a* 
amylase of ungerminated wheat, barley, rye, and oats was somewhat 
more "soluble” than the j3 component; i.e., a greater percentage of the 
papain-extractable enzyme was extracted in 1 hr by the dilute calcium 
acetate solution. The a-amylase of sorghum and maize was relatively 
more difficult to extract. No value is given for the total a-amylase of 
rice. Considerable difficulty was experienced with the papain extracts 
of this cereal and poor end-points prevented an accurate evaluation of 
the a-amylase activity. 

Amylases of the Germinated Grains, The germination study was 
conducted using 45 -g samples of the grain, a 24-hr steep at room tem- 
perature, and germination at 16.5°C for 5 days. In an attempt to 
obtain a wider spread between the "free” and "total” amylases of 
these germinated samples, a 15-min calcium acetate extraction was 
compared with an 18-hr calcium acetate-papain extraction. The data 
are presented in Table II. 

It is apparent from Table II that in all cases germination was coinci- 
dent with an increase in a-amylase content. In a comparison of the 
various cereals, however, it is obvious that amylase production is not 
proportional to sprout length. For example, the germinated oat sam- 
ple had the longest sprouts but ranked fifth in a-amylase production, 

2' It should, be noted' that 'Caldum acetate solution,. even one as dilute as, that used, is a considerably 
moreefficient extractant than distilled, water.' ■ 
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TABLE II 

The Amylolytic Activity of Germinated Cereals 


Cereal 

Sprout 

length 

Saccharifying activity 

^-amylase activity 

cK-amylase activity 

'‘Free’' 

Total 

"Free”' 

Total 

"Free” 

Tota,l 


mm 

units 

units 

units 

units 

units 

units 

Barley 

25-30 

31.0 

39.1 

26.5 

34.4 

90.5 

94.0 

Wheat 

20-30 

26.4 

34.4 

16.5 

23.7 

197.3 

214.7 

Rye 

20-30 1 

20.1 

23.6 

15.4 

17.6 

93.2 

119.8 

Oats 

25-35 

2.2 

3.0 


* 

53.1 

60.3 

Maize 

15-20 

0.24 

1,2 ; 


* 

31.1 

35.6 

Sorghum 

10-20 

1.8 

1.9 


% 

73.4 

75.5 

Rice 

2-5 

0.05 

0.3 

* 

0.2 

1,4 

2.3 


Beiow the sensitivity of the method used. 


showing less than one third the activity of wheat. As would be antici- 
pated, the ph}^sioIogical activities associated with active growth 
brought about a release of the ''bound’' /S-amylase so that the major 
portion of the /3-amylase in the germinated samples was extracted 
without the use of papain. 

The cereals, maize and sorghum, that showed no measurable ^-amy- 
lase activity in the iingerminated state likewise showed none when 
germinated.^ The /3-amylase activity of the germinated rice sample 
was sufficient to permit evaluation but was only about one hundredth as 
much as that of wheat, barley, or rye. 

A comparison of the data in Tables I and II demonstrates that while 
there was an increase in the amounts of free ^-amylase during the 
germination of wheat, barley, and rye, the total j3-amylase activities 
of these cereals remained relatively constant. Apparently the oat 
j8-amylase largel}’' disappeared during germination. Since germination 
resulted in a decrease of total dry weight with all the cereals, the a- and 
jS-amylase data were recalculated on the basis of the original dry 
weights of the ungerminated samples. This should give an estimate 
of “absolute” changes in enzyme contents during germination. 

''Absolute'" Changes in Amylase Content The recalculated data for 
the total a- and jd-amylase contents of the germinated samples are’given 
in Table 1 1 1, together with the activities of the ungerminated samples 
and the dry weight losses resulting from germination. The activity of 
'a-amylase is recorded in terms of o'-saccharifying units (saccharifying 
units minus ^-saccharifying units). When this method of calculation 
is used, it is seen that there was an actual loss of /3-amyIase during the 

* Following the completion of the work herein reported, further investigations demonstrated that 
" . the germinated samples of oats, maize, and sorghum do ha ve ^--arra,ylase activity 'but of a degree : below' 
the sensitivity of the method. An approximate evaluation of the ^-ainylase contents of three germi- 
' mated sorghums ('K'heen,,,i944) showm values of 0.028,. 0.093, and' 0.24 units of actmty. The lowest 
"of ’these th,ree values is that .found, for the ^amylase activity of’ the germinated Early Kalo sample used 
;,in "'.the ' com para.tive study. 
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TABLE I! I 

‘‘Absolute” Changes in the Contents of Total /3- and a-AMYLASE during 
Germination of the Cereals 


Cereal 

Loss of dry 
weight by 
germination 

Total iS-amylase 

Total ct- 

amylase 

Ungerminated 

Germinated 

Ungerminated 

Germinated 


% 

units 

units 

sacc. units 

sacc. units 

Barley 

21.7 

29.8 

1 26.9 

trace 

3.68 

Wheat 

23.5 

25.1 

1 18.1 

trace 

i 8.20 

Rye 

2i.7 

17.8 

13,8 

trace 

1 4.69 

Oats 

26.4 

2.4 . 


trace 

2.22 

Maize 

18.5 


1 

1 trace 

1.45 

Sorghum 

19.8 

* 

\ 

trace 

3.03 

Rice 

13.8 

* ! 

0.2 

1 trace ' 

1 

0.99 


* Below the sensitivity of the method used. 


germination of those grains originally showing ^-amylase activity, this 
loss being approximately balanced by a corresponding gain in a-sac^ 
charifying activity. As with previously recorded data for wheat 
(Kneen, Miller, and Sandstedt, 1942), there w'oiild appear to be some 
relationship between the two changes. On the other hand, those grains 
having no measurable /3-amylase in the ungerminated state showed 
normal production of a-amylase during germination and seedling 
growth. 

Comparative Temperature Influence on Germination. The tempera- 
ture used (16.5®C) is known to be favorable for germination of the cool- 
climate cereals but probably is far below the optimum for the warm- 
climate group. Accordingly, the seedling growth and amylase devel- 
opment of wheat and sorghum were compared at four temperatures, 
14^, 18°, 24°, and 30°C. Germination of each pair of samples was 
terminated when the average sprout length of either grain attained 
approximately 40 mm. Table IV shows the comparative growth rates 
for the two cereals. 

The data of Table IV show’’ clearly the inhibitory influence of low 
temperature (14°G) on the germination and seedling growth of sor- 
ghum. On the other hand, germination was uniformly good at 30°G 
and the growth rate at this temperature greatly exceeded that of wheat. 
Growth rates at the intermediate temperatures of 18° and 24°C were 
approximately equal for the two cereals. 

The amylase activities of the' various samples were determined and^ 
are recorded in Table V. ■ , Data were obtained for both free (I -hr) and'' 
totaI"(18-hr with 10% papain) extractions. In addition', the activities', 
of the original ungerminated samples are given for compa,risoii."' 

The amylase.'activities' of 'those' wheat' samples germinated at 14°, 
18°, and 2'4°C were vvery.'similar.' ■,.',|ThiS'. 'would ba'anticipated 'from"''thd. 
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TABLE IV 

Relative Growth of Germinating Wheat and Sorghum 
AT Four Temperatures 


Approximate average length of sprout 


Days 

germi- 

nated 

14°C 

18°C 

24°C 

30°C 


Wheat 

Sorghum 

Wheat 

Sorghum 

Wheat 

Sorghum 

Wheat 

Sorghum 


mm 

7nm 

7mn 

mm 

mm 

nmi 

mm 

mm 

2 

1 

trace 

2.5 

2 

4 

4.5 

7.5 

37.5 

3 

2 

1 

9 

8 

12 

15 



4 

3.5 

2 

25 

17.5 

36 

40 



5 

5 1 

2 

40 i 

40 





6 

10 

2 







9 

45 

5 








TABLE V 

Relative Amylase Activities of Wheat and Sorghum Germinated 
at Four Temperatures 


1 

Germina- 

tion 

time 

Germina- 
tion tem- 
perature 

Wheat 

Sorghum 

cn-amylase 

/3-amylase 

a-amylase 

i9-amylase 

“Free” 

1 Total 

“Free” 

Total 

“Free” 

Total 

“Free" or 
total 

days 

=C 

units 

! units 

units 

units 

units 

! units 

units 

' ■ 9 ■' i 

14 

250 

277 

18.2 

18.5 

31.4 

31.0 

* 

■■ ■ 5'' 

18 

278 

1 293 

18.7 

20.4 

129 

126 

* 

4 ' 

24 

250 

262 

19.4 

19.5 

109 

109 

* 

2 ■' 

30 

1 55.3 

1 

69.8 

14.5 

25.9 

111 

113 

* 

Ungerminated , ' | 

0.050 

0.063 

7,5 

25.1 

0.031 

0.127 

* 


* Below the sensitivity of the method used. 


uniformity of their seedling development. Amylase production as well 
as growth was rapid at 24°C, but at 30*^C the wheat germinated with 
extreme irregularity and the inhibitory effects of high temperature 
became evident. It is notable that there was a marked loss of total 
wheat ^-amylase at the three lower germination temperatures ; no loss 
of this component was evident during the restricted growth at 30°C. 

The production of a-amylase during the growth of the sorghum 
samples at the three higher temperatures of 18°, 24°, and 30°G was 
quite comparable; this, again, is in accord with the relative uniformity 
of sprout development. Only 2 days at 30°C were required for this 
development as compared with 5 days at 18°C. The inhibitory influ- 
ence of the 14°C temperature on sorghum growth was further evi- 
denced by the deficiency in a-amylase development. As in the pre- 
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vious study, the presence of /S-amyiase in the samples' of germinated 
sorghum could not be detected by the methods used. 

It is apparent that, with one grain, conditions which influence 
germination and growth have a comparable effect on oj-amylase pro- 
duction. How^ever, it is notable that a sprout elongation to approxi- 
mately 40 mm w^as accompanied by about twice the amylase production 
in wheat as in sorghum. Additional data obtained with rice further 
confirm the observation that with different cereals equal growth rate is 
not necessarily coincident with equal oj-amylase production. A sample 
of rice was germinated at 30^C for 5 days. The average sprout length 
at the end of this period approximated 30 mm. After drying, a 1-hr 
extraction was made and amylase activities were determined. These 
were found to be 8.9 units of a-amylase and 0.54 units of /3-amylase. 
When compared with any of the other cereals tested (Table II), it is 
apparent that the growth of germinating rice coincided with relatively 
minor production of a-amylase. These data likewise provide addi- 
tional evidence that germinated rice does contain /3-amylase, but in 
relatively small quantity. 


Discussion 

In a general way the results presented conform to those previously 
reported in the literature. The chief exception is that the customary 
methods for the evaluation of jS-amylase activity were not sufficiently 
sensitive to detect the presence of this enzyme in either maize'cr sor- 
ghum. However, a micromethod (Kneen, 1944) did demonstrate the 
presence of /3-amyIase. It appears that just as a-am^dase is present in 
cereals, germinated or ungerminated, in amounts varying from traces 
to considerable quantities, so the presence of /3-amylase may be charac- 
teristic of all cereals. In some instances the levels of this latter com- 
ponent are so low that the}^ cannot be evaluated by macromethods. 
The data presented for single samples are not entirel}^ conclusive in 
themselves but become significant when supplemented with other in- 
vestigations (Kneen, 1944 and unpublished data). 

Other limitations of the comparative germination study warrant 
emphasis. Wheat appears to be particularly efficient in the production 
of a-amylase. However, differences in growth temperature optima for 
the various cereals and the use of single samples do not justify such a 
conclusion. As a further example w^hile oats are characteristically low 
in j5-amylase, the sample used may have been abnormally low. The 
results then illustrate the variation which may be expected when the 
usual methods of amylase evaluation are applied to a miscellaneous 
group of cereals and to some extent emphasize the limitations of such 
methods. 
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Industrially, the findings may have considerable significance if it be 
assumed that the amylase systems of these germinated cereals can be 
duplicated by malting procedures. A malt of high potency with re-, 
gard to both a- and /3-amylase could be prepared from either wheat, 
barley, or rye. Cereals such as oats, maize, sorghum, or rice would be 
of little value for the production of malts with high saccharifying 
activity (Lintner value) but certain ones would be adequate for the 
production of a-amylase. If malts having only the a. component were 
desired, it appears that this could be approximated by malting a 
selection of sorghum low in /3-amylase. Beta-amylase relatively free 
of the a form can, of course, be obtained from selected samples of the 
ungerminated cereals. Thus cereal preparations having almost any 
desired ratio of the two malt amylase components can be made avail- 
able for use. 

Summary 

Seven cereals — barley, wheat, rye, oats, maize, sorghum, and rice — 
were selected, and amylase activities of both the ungerminated and 
germinated grains determined. Beta-amylase was found in relatively 
high amounts in ungerminated barley, wheat, and rye ^nd in much less 
quantity in oats. The method used was not sufficiently sensitive to 
detect the presence of this enzyme in ungerminated maize, sorghum, or 
rice. From one third to one half of the total (papain-extractable) 
amylase was readily extracted by dilute calcium acetate solution. All 
the ungerminated samples had a-amylase activity but in relatively 
minor degree. 

Germination of the cereals in all cases led to a pronounced increase 
in a-amylase activity. The ^-amylase of barley, wheat, and rye be- 
came more readily extractable. The /3-amylase activity of germinated 
rice, though low, could be evaluated, but the levels of this enzyme in 
germinated oats, maize, and sorghum were below the sensitivity of the 
customary methods. 

The small quantity of /3-amylase present in oats largely disappeared 
during the germination process. When “absolute ” changes in amylase 
activities were calculated for all the samples, it became apparent that 
with barley, wheat, and rye, a marked loss of /3-amylase occurred 
during germination. ' ■ ■ 

A study of the influence of temperature on the development of 
amylase activity during the germination of wheat and sorghum was 
conducted. Temperatures normally considered desirable for malting 
wheat inhibited sorghum germination. The significance of this rela- 
tionship in a comparison of amylase development during the germina- 
tion of different cereals was pointed out. 
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Industrially, the availability of cereal preparations having almost 
any desired combination of a- and i0-amylase may have some signifi- 
cance. For example, a malt having high a-amylase activity and 
practical freedom from iS-am^dase could be prepared from sorghum, 
and one having both a and j5-amylase from barley; the ungerminated 
barley itself provides a source of j^-amylase relatively free from the a 
form. 
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CORRELATION BETWEEN CHEMICAL STRUCTURE OF SOME 
ORGANIC COMPOUNDS AND THEIR ACTION AS FLOUR 
IMPROVERS AND AS INHIBITORS OF 
PROTEOLYTIC ENZYMES' 

E. Elion 

Washington, D. C, 

(Received for publication October 20, 1943) 

Jorgensen (1935) has shown that those oxidizing agents which are 
flour improvers, such as bromates, iodates, and perborates, are also 
inhibitors of proteolytic enzymes of the papain type, which are now 
known to be present in sound wheat flour, and he also found that other 
oxidizing agents, such as chlorates, which are not flour improvers, do 
not inhibit these proteolytic enzymes. Correlation between flour im- 
provement and inhibition of proteolytic enzymes of the papain type 
appears to be an established fact. It does not necessarily follow that 
the action of flour improvers of this type is primarily due to their action 
as protease inhibitors, although there is ranch evidence in favor of such 
a theory (Elion, 1943), 

Some authors are more inclined to explain the action of oxidizing 
and reducing agents on dough by a direct effect on the flour proteins. 
Elion (1943) described experiments with glutathione, which showed 
that glutathione had a softening effect on dough made from uiiheated 
flour, but that it had no such effect on dough made from heated flour 
(in which the proteolytic enzymes were inactivated by the heat treat- 
ment), while papain had still a softening effect on dough made from 
this heated flour. These experiments cannot very well be explained 
if it is assumed that the action of oxidizing and reducing agents is 
primarily due to a direct effect on the flour proteins. 

^ The terms, inhibitors of proteolytic enzymes" and “inhibition of proteolytic enzymes," have 
been used in this paper to avoid a longer, although more correct, description. It should be kept in mind, 
however, that proteolytic enzymes can be measured only by the effect which they produce. Inhibitors 
of proteolytic enzymes have the effect of reducing or eliminating proteolytic activity. These inhibitors 
may act either directly on the enzymes, or they may act indirectly by decomposing any activators of 
proteolytic enzymes that are present. 
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While prior to Jorgensen’s' papers on this subject only certain 
oxidizing agents were known to be flour improvers, Jbrgensen found 
that ascorbic acid, which is a reducing agent, also acts both as a flour 
improver and as an inhibitor of proteolytic enzymes, and he stated 
that further investigations were required to determine whether ascorbic 
acid itself possesses these interesting properties, or whether it might 
actually be the oxidized form of ascorbic acid which is the active com- 
pound. Melville and Shattock (1938) found that dehydroascorbic acid 
is a more efficient flour improver than ascorbic acid and they demon- 
strated that wheat flour contains an enzyme capable of catah^zing the 
oxidation of ascorbic acid to dehydroascorbic acid. 

The purpose of the present investigation has been to study whether 
any other organic compounds could be found which also act both as 
flour improvers and inhibitors of proteolytic enzymes of the papain 
type, and whether, in the event of positive results, any correlation 
between the chemical structure of such compounds and their particular 
action could be recognized. 

In his first paper on the inhibition of proteolytic activity, Jprgensen 
(1935) described only the effectiveness of ascorbic acid, but in his 
related British patent (1936) he disclosed the action of ascorbic acid 
and its alkali salts as flour improvers. Noury and Van der Lande 
(1939), referring apparently to Jprgensen’s discovery, gave a somewhat 
different description of the effective compounds, namely 1-ascorbic acid 
and “its related compounds ” or compounds containing “the 1-ascorbic 
acid radical,” and in the corresponding French patent (1938) they 
described the compounds as ascorbic acid and “other enediols.” 
Although Jorgensen himself did not describe compounds other than 
ascorbic acid and its alkali salts, and Noury and Van der Lande did not 
present experimental evidence in support of the description “other 
enediols,” the latter authors thus suggested a relation of enediol groups 
in the molecule to the action of flour improvers. In other fields than 
that of proteolytic enzymes, relationship of chemical structure to bio- 
logical action has frequently been described in the literature. 

Preliminary experiments led us to presume, contrary to the sugges- 
tion of Noury and Van der Lande, that the presence of an enediol group 
•G(OH):C(OH). does not alone determine whether a compound will 
act as a flour improver and further investigations have supported this 
viewpoint. ,, 

Experimental 

In our initial experiments the influence of certain compounds on 
the effect, of papain was studied.' .A"'simple method to investigate 
whether a compound inhibits papain has been described ' by Jorgensen;' 
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(1935). Ill this method gelatin is used as the standard protein material 
and a papain extract is allowed to react for some time upon a properly 
buffered gelatin solution at a constant temperature, in the presence or 
absence of the compound which is to be investigated. Thereafter it is 
observed whether the gelatin still possesses its property to solidify in a 
refrigerator. 

The papain extract was made by extracting 1 g of papain (Witte) 
with 100 ml water for 30 min at a temperature of 35°C, whereupon 
the extract was filtered and the filtrate used. The reaction mixture 
was made up as follows: 10 ml gelatin solution (made from 20 g gelatin 
powder to 250 ml w'ater) + 6 mi Sorensen’s citrate buffer (pH = 4.95) 
+ 2 ml water (or water and solution of the compound under investiga- 
tion) -f* 2 ml papain filtrate. The mixture was kept 1 hour at a 
temperature of 40® C and then placed in a refrigerator and observed 
after IS, 30, 45, and 60 min and also the next morning. 

The first compound used in these experiments was reductone, which 
is a strong reducing compound. It proved to be very effective in 
inhibiting the proteolytic action of papain on gelatin. It was found 
necessary to use freshly made solutions of reductone, since at the very 
low concentrations involved, appreciable decomposition occurred In 
24 hours. 

As stated previously, some doubt arose as to whether the presence 
of an enediol group in the molecule would be decisive in determining 
whether a compound will inhibit papain; rather it was presumed that 
the combination of an enediol group and a carbonyl group next to it: 
•C(OH):C(OH) -CO, would be the determining factor. As a matter 
of fact, this latter group is present both in ascorbic acid and in reduc- 
tone and an endeavor was made to investigate such compounds that 
possess an enediol group, but do not have a carbonyl group next to this 
enediol group. In the event that our presumption were correct, 
compounds containing an enediol group only should not inhibit papain, 
whereas compounds having an enediol group next to a carbonyl group 
should inhibit papain. 

Some difficulty was encountered in obtaining compounds having 
an enediol group only, particularly among the aliphatic compounds. 
Dimethylacetyleneglycol is such a compound. It is the desmotropic 
form of acetoin and is believed to be present in small quantity in, and 
in equilibrium with, acetoin. Experiments with acetoin were entirely 
negative; the action of papain on gelatin was not inhibited. 

The following cyclic compounds were investigated: pyrocatechol, 
pyrogallol, gallic acid, adrenalin, haematoxylin, carminic acid, and 
purpurin. While some of these were only partially soluble in water, 
none of them mhibited papain. All these compounds have one or 
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more eiiediol groups in the formula, but no carbonyl group next to the 
enediol group. 

Compounds which have an enediol group adjacent to a carbonyl 
group were then investigated. Besides reductone, which has already 
been stated to be a strong inhibitor of papain, the following compounds 
were tested: dihydroxymaleic acid, reductic acid, and tetrahydroxy- 
quinone. All of these strongly inhibited the proteolytic action of 
papain, and it was surprising to find that it was ininiaterial whether 
the compound was aliphatic or cyclic. 

The gelatin method makes a rough quantitative comparison of the 
effectiveness of different compounds possible, since it permits the use 
of varying quantities of an inhibitor to determine the minimum amount 
of each required to inhibit the papain entirely. Several compounds 
were tested in different concentrations. Under the experimental condi- 
tions prevailing, the minimum molar concentrations roughly required 
to inhibit the papain, so that gelation occurred after one hour in the 
refrigerator, are given in Table I. 


TABLE I 

Minimum Molar Concentrations of Different Inhibitors Required Entirely 

TO Inhibit Papain 


Inhibitor 

Molar concentration 

Potassium bromate 

0.0015 

Ascorbic acid 

0.00013 

Reductone 

0.00015 

Dihydroxymaleic acid 

0.0015 

Reductic acid 

1 

Tetrahydroxyquinone 

1 


^ Limits not determined, but less than 0.0015. 


In view of these experimental results, it would not be surprising if 
all compounds containing the group •C(OH):C(OH)*CO., whether 
aliphatic or cyclic, would inhibit proteolytic enzymes of the papain 
type. Some examples of such compounds which were not available 
at the time of our experiments are oxytetronic acid and rhodizonic acid. 
Owing to the instability of many of the enediol compounds, no definite 
series has been used. 

It appears to be essential that the group • C(OH):C(OH)-GO. be 
present as such. Substitution, such as obtained by repiacing a hydro- 
gen atom of the hydroxyl group by sodium, appears to eliminate the 
compound s property to inhibit papain. Thus, disodiumtetrahydroxy- ' 
quinone' has, been found to, be inactive, ■while' tetrahydroxyquinone was,' 
vc'ry active. '''' 

. In agreement with, the "proteolytic enzyme theory' of Jorgensen 
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(1935) and of Balls and Hale (1936), compounds having the enediol 
group next to a carbonyl group were found not only to inhibit papain, 
but also to act as chemical flour improvers of the bromate and ascorbic 
acid type. It needs no further emphasis that not all such compounds 
are permissible in bread, since they may have possible poisonous e,ffects, 
or have an undesirable influence on other bread properties, such as 
crumb color (tetrahydroxyquinone). I 

As an example, baking tests made with reducto® will be cited. 
The flour used was an untreated high protein straigM grade Texas 
flour with 15.0% protein and 0.45% ash. The dougm ingredients, 
based on the flour weight, were yeast 2.2%, salt 1.5%, sugar 3%, 
shortening 1.5%, water 59%. The fermentation time was 145 min 
at (first punch after 75 min, second punch after 45 min and 

molding after an additional 25 min). The doughs were proofed 55 
min at 30 ° and baked for 35 min at 220°. The addition of 0.0002% 
of reductone based on the flour weight caused an increase in the bread 
volume of more than 7%; moreover the bread made with reductone 
had a better texture, lighter crumb color, and better crust color than 
the control bread made without reductone. 

Further investigations will be required to explain why the presence 
of the group •C(OH):C(OH)-CO. in the molecule gives a compound 
the property of inhibiting proteolytic enzymes of the papain type and 
acting as chemical flour improvers. Further research will also be re- 
quired to determine whether the compounds are effective themselves, 
or whether it is actually some oxidized form which is functioning. 
Also, the effect of the different compounds described above should be 
studied with various flours under varying baking conditions. Al- 
though it is realized that the present study is not yet conclusive and 
should be extended in many directions, it is thought that publication 
at this time may stimulate further research on the mode of action of 
reducing agents such as glutathione and of flour improvers of the 
bromate and ascorbic acid type. 

Summary 

compounds, whether aliphatic or cyclic, which contain the 
group •C(OH):C(OH)*CO., were found to act as inhibitors of papain. 
Examples of such organic compounds, some with strong reducing 
properties, are given and they were found to act similarly to ascorbic 
acid. In agreement with the proteolytic enzyme theory of Jorgensen 
and of Balls and Hale, it has been found that such compounds also act 
as flour improvers, although their use as flour improvers may be im- 
possible for health— or other reasons. 
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AN INSTRUMENT FOR DETERMINING THE 
COMPRESSIBILITY AND RESISTANCE TO 
SHEAR OF BAKED PRODUCTS 

Y, F, Combs 

J. R. Short Milling Company, Chicago, 111, 

(Presented at the Annual Meeting, May 1943; received for publication May 19, 1943) 

A number of instruments have been developed to determine the 
compressibility of bread. Piatt (1930) describes a balance type of in- 
strument. L. H. Bailey (1930) describes a simple apparatus in which 
a sample of bread is compressed in a small bo.x by a standard weight 
and the compression measured. Platt and Powers (1940) describe the 
Baker compressibility apparatus in which a stress is applied to the 
sample by the use of an electric motor and the resulting strain meas- 
ured, Nikolayev (1941) describes an instrument in wdiich a weight is 
applied to the surface of a sample and the depression of a semispherical 
testing finger is measured.. All of these instruments, with the excep-, 
tion of the Baker compressibility apparatus, use a fixed weight acting 
for' a fixed time, and to obtain the best results it may he necessary to 
vary the stress with different samples. 

History 

An instrument' which has been in use in our laboratory, for number, 
of years for determining the. compressibility and, also, ■ the Tesistance to, 
shear][[of baked^ products 'will be 'described in the present paper, z Since, 
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it is almost automatic in operation, a relatively unskilled operator can 
make tests rapidly and with little error. 

This instrument, in its original form, was developed by Bonney, 
Clifford, and Lepper (1931) to test the' softness and ripeness of fruits 
and vegetables. 

Construction and Operation 

The construction of the original instrument provided for a vertical 
shaft, on the bottom of which could be used needles of various sizes or 
a small rigid plate. Weight was applied to the shaft by delivering 
mercury at a constant rate into a container on a platform on top of the 
shaft. The depression of the needle or plate was amplified by an indi- 
cator and measured on a scale graduated from 0 to 52. The contact 
with this indicator was shown by a buzzer and a light operated by 
flashlight batteries, 

Haas ^ (1931) modified the instrument by using a larger rigid plate 
on the bottom of the shaft and emplo^’ed it for determining the staling 
rate of bread. In his work, he used a fixed depression and a varying 
weight delivered at a constant rate. King, Morris, and Whiteman 
(1936) used the original instrument for testing the compressibility of 
cake, employing a varying weight acting for a definite time* 

Further modifications have been made which increase the accurate- 
ness of the test and the ease of operation (Fig. 1). Mercury was found 
to be objectionable as a weight, since there was always some spray 
which prevented using the slices for flavor tests later. The mercury 
cut-off was operated by hand. Lead shot has been substituted for the 
mercury, and an electric cut-off added. The flow of shot is adjusted 
to a standard rate of 500 g per min. Instead of flashlight batteries, 
110 volt current is used. The electric cut-off consists of a simple valve 
held open by a solenoid. i\ pilot bulb, in series with the solenoid, 
glows until the contact is made at the lowest limit of the depression. 
When contact is made, the solenoid current is broken, the pilot light 
goes out, and the flow of shot is automatically stopped. The compres- 
sion disk is attached to the shaft by a ball-and-socket joint. This 
arrangement has been found to give more uniform results, particularly 
in the case of twisted bread or where molding streaks occur. The ball 
and socket allows the disk to tilt and tends to average out variations in 
the firmness of the slices. The disk is 54 mm in diameter and is the 
largest that could be used on allof the samples tested without covering 
any of the firmer area close to the crust. 

■Measuring Campressibility. In testing compressibility, the instru- 
ment can be used in three ways: a fixed weight may be allowed to act 

L. W, ■ Haas, W. E- Long and Com'pariy, Chicago, III. Private commnnication. ' 
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for a fixed time and the depression measured ; a variable weight may be 
allowed to act for a fixed time and the depression measured; or the 
weight required to produce a fixed depression may be determined. The 
last method has been the most satisfactory. Either hand-sliced or 
commercially sliced bread can be used. In the case of unsliced bread, 
slices 25 mm thick are cut in a jig and the crusts trimmed off. The 
trimmed slice is placed under the disk which is lowered upon it. The 
indicator is moved to the lower part of the scale and the platform 



Fig. 1: Diagram of apparatus equipped with compression plate. A — Shot container; B — Receiver; 
C — Compression disk; D — ^Scale; E — Relay; F — Solenoid- 


adjusted till contact is indicated by the pilot light. The indicator is 
then set, back' any desired number of divisions; 25 divisions' are satis-" 
factory for sli'Ces which are 25 mm. thick. ' .This, setting corresponds to 
a depression of the shaft of 4.33 mm. The lever of the shot valve is 
then raised and the solenoid holds the feed open until contact is again 
made by depression of the disk.' The. shot is then 'Weighed., ' TJie 
weight of the disk: and: shaft assembly is added to that of the'Shot'and 
container to obtain, the total weight effecting the depression, . While 
.one slice is "being ' tested, ' the next ' may be prepared . ' '. Forty, mm , of ■ each 
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Formula No. 

24 1ir 

48 hr 



S 


467 

626 

,'2 ■ 

536 

703 

'' 3 ' '' 

398 

529 

/' , 4 ■ 

379 

532 


''Testing Shortness of Doughnuts, The same principle of operation 
has also been nsed to test the shortness of doughnuts. To obtain 
uniform results, it has been found necessary to destroy the differences in 


end of the loaf are discarded. It is preferable to test more than one 
loaf and average the results. The instrument in use for testing com- 
pressibility is shown in Figure 2. Typical figures on the changes in 


Fig, 2. Instrument in use for testing compressibility. 


compressibility of bread during staling are as follows: 

Average compressibility per slice at 
given intervals after baking 
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ce!! structure, since some doughnuts are quite close in texture and others 
are very open. For this purpose, a cylinder with a removable bottom 
and a telescoping cap is used. The cylinder has a diameter of 25 mm 
and a depth of 32 mm. The cap has a hole in the top 6.5 mm in diam- 
eter. A section of the doughnut weighing 15 g is cut in one piece and 
inserted in the cylinder, distorting the section as little as possible. 
Readings are then made through the hole in the top of the cap, using 
a needle 4.5 mm in diameter. 

Testing Resistance to Shear. This apparatus has also been used 
with another attachment (Fig. 3) for testing the resistance to shear of 




• Fig, 3. Shear test equipment and jig for cutting slices. I. — Shear test base; J-K — Shear test head; 

G — Knife guide; H — Adjustable plate. 

bread, or other baked products. A frame 3X3 inches is rigidly at- 
tached to the bottom of the shaft. Across this frame are strung three 
piano wires, spaced three-fourths inch apart. With the frame' is used 
a platform ftve-eighths inch high. The top of the platform is one-eighth 
inch thick and has three slots coinciding in spacing ' with ' the wires. 
These slots extend through the,, top, of the platform and down one-,' 
eighth' inch into, the end supports. ,' With this arrangement,, the scale 
indicator is not used,, but only a flexible contact. ' A slice of bread' is 
placed on the platform and "the, shot 'valve opened.,. When the wires 
cut through the slice, sufficient dro,p is obtained to make contact "and 
shut off the, feed., . ' Either commercially sliced, or hand-sliced , bread 
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can be used. If the bread is hand-sliced, slices 15 mm. thick are used. 
The slices are t,rimmed exactly 50 mm wide and approximately 60 mm 
long. The slice is placed on the platform with ' the wires running 
across the width. This gives a cut of 150 mm for the three wires. 


Summary 


An instrument is described which can be used for testing both the 
compressibility and the resistance to shear of baked products. The 
method of operation is outlined and typical results obtained in measur- 
ing the compressibility of bread are given. 
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STUDIES ON THE FRACTIONATION OF ZEIN ^ 


Ross Aiken Gortner^ and Robert Theis MacDonald ® 

Division of Agricultural Biochemistry, University of Minnesota, St. Paul, Minn, 

(Received for publication April 20, 1944) 

From a study of the solubility behavior of zein. with respect to ethyl 
and amyl alcohol, Donard and Labb 6 (1902, 1903) grouped zein into 
three types of proteins; a zein — soluble in amyl and ethyl alcohol; 

zein— soluble in ethyl alcohol only; 7 zein — insoluble in either alcohol. 
From a study of the optical rotation of a and jS zeins so defined, Lindet 
and Ammann (1907) concluded that these represent distinct proteins. 
Watson, Arrhenius, and Williams (1936) obtained, by successive addi- 
tions of water to a 70% ethanol solution of zein, three distinct and 
nearly homogeneous fractions. In a later study, Elliott and Williams 

i Paper No. 216S, Scientific Journal Series, Minnesota Agricultural Experiment Station. Con- 
densed from a thesis submitted by Robert Theis MacDonald to the faculty of the Graduate School, 
University of Minnesota, in August, 1941, in partial fulfillment of the requirements for the degree of 
'' doctor of /philosophy. ' 

» Decea^d.:. 

3 Present address: The Glidden Company, Chicago, Illinois. 
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(1939) fractionated corn gluten by successive extractions with methanol 
and 70% aqueous ethanol. 

Zein shows a high solubility in methyl- and ethyl-cellosolve. The 
present paper deals with the separation of zein into fractions by the 
successive additions of water to cellosolve solutions of the protein. A 
study was then made of some of the physicochemical properties of the 
fractions obtained in this manner. 

Since experiment showed that the fractionation of zein by addition 
of water to solutions of the protein in either methyl or ethyl cellosolve 
yielded fractions which were entirely comparable to each other, this 
report will deal only with fractions obtained in the following manner 
from methyl cellosolve solutions. 

Experimental 

Preparation and Purification of Zein Fractions, h sample of com- 
mercial zein was first purified by an adaptation of the method of Ma- 
son and Palmer (1934), wherein the zein was dissolved in 80% ethanol, 
washed repeatedly with ethylene dichloride or petroleum ether until 
all color was removed and, after concentrating the solution by removal 
of part of the alcohol by vacuum distillation, precipitated by dilution 
in a large volume of 1% sodium chloride solution. The gummy mass 
so obtained was washed with 'water to remove part of the salt and the 
remaining alcohol and was allowed to dry in the air. 

When this air-dry zein (moisture content approximately 4%) 'was 
suspended in methyl cellosolve, a part of the protein (about 10%) 
failed to go into solution. This fraction (called Fraction X) was re- 
moved by centrifuging and the remaining supernatant solution diluted 
with solvent to form an approximately 6% (by weight) solution of the 
protein in methyl cellosolve. 

Aliquots of this solution were diluted with various amounts of water 
and the quantity of protein precipitated was determined. Table I 


TABLE I 

Extent of Precipitation of Proteins from 6% Zein Solution in Methyl 
Cellosolve by Addition of Water in Varying Amounts 


Percent (by volume) 
water added 

Percent of total 
' protein precipitated 

23.0 

0, '' 

28.5 

13.2 •"■ 

. 33,3' . 

69.6' ■ , 

" 37.5 '■ 

' ' 91.6 • ' ■ 

•44.4 

97.5 

' 50,0 

' 97.7 '• 


^ Commercial zeins were'' supplied for tliis; work' by the, American Maize Products Company' and 
by the Corn Products Refining Company. ' 
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shows the extent of this precipitation as increasing percentages of water 
(by volume) were added to the cellosolve solution. It is seen that 
approximately one third of the soluble protein is precipitated at 31% 
water content and approximately two thirds is precipitated at 34% 
water content. These water contents were chosen, then, in order that 
the total soluble zein should be roughly fractionated into three equal 
parts. The fraction precipitating at 31% water content was called 
Fraction A, that removed by increasing the water content to 34% was 
Fraction B, and that remaining in solution at 34% water content but 
which could be precipitated by pouring this solution into a large volume 
of 1% sodium chloride solution was called Fraction C. A number of 
such fractionations were made and parts of each fraction were repuri- 
fied by suspending them in water and electrodialyzing nearly free of 
ash. The protein was collected and air dried, then dissolved in 80% 
ethanol and precipitated by pouring the concentrated alcohol solution 
into ethyl ether. The precipitated protein was then dried by washing 
with anhydrous ethyl ether several times. During this purification 
process a considerable and varying amount of the original fraction was 
lost in each case. 

It was assumed that during the process of repurification there was 
no change in such physical properties as micellar weight, optical rota- 
tion, peptization, and the like. Table II shows the yields of finally 


TABLE II 

Yields of Repurified Fractions of Zein from Original Fractions 


Fraction 


Weight 

Before 

purification 

After 

purification 


S 

g 

X 

37 

20 

A 

60 

32 

B 

54 

26 ■ 

C 

58 

41 

Ax 

25 

11.5 

' A 2 ' 

17 

7.5 

, A, 

30 

27.5 


purified samples obtained from original amounts of each fraction so 
treated. It was on such repurified samples of the various fractions that 
the subsequent studies were made. 

A further fractionation was made on Fraction A obtained as above 
described. An air-dry sample of this fraction (not repurified) was 
suspended in methyl cellosolve to form a 6% solution. Approximately 
25% failed to go into soiiition. This was separated and designated 
Fraction Ai. The remainingsolution was brought to 31% (by voiiime) 
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of water, the water content at which all of Fraction A had separated in 
the original fractionation. Only a part of the redissoived Fraction A 
precipitated at this point. This was collected as Fraction A2, and the 
protein left in solution at this water content was collected as Fraction 
A3. Each of these three fractions of Fraction A was repurified as 
already described for the original fractions, and used in the following 
studies. Amounts of repurified Fractions Ai, A2, and As obtained from 
the noted amounts of the original unrepurified fractions are given also 
in Table 11 . 

The nitrogen and ash contents of these fractions of zein, caiciiiated 
on a moisture-free basis, are given in Table IIL 


TABLE III 

Ash and Nitrogen Contents of the Various Fractions of Zein 
(Results expressed on moisture-free basis) 


Fraction 

Ash 

Total nitrogen 
(ash-free basis) 



% 

% 


X 

0.18 

15.68 


A 

0.31 

15.68 


B 

0.15 

15.77 


C 

0.92 

15,26 


Ai 

0.90 

12.98 


A. 

1.93 

14.69 


A 3 

0.41 

15.77 



Precipitation Studies, A comparative study was made of the pre- 
cipitating action of water upon stock solutions of the various zein frac- 
tions dissolved in methyl celiosolve (the concentration, of protein in 
these stock solutions is shown in Table IV). In each set of experiments 
a definite amount of the protein solution was placed in each of a series 
of test tubes. A definite volume of water was carefully added, equi- 
librium allowed to be established, and the percent protein precipitated 
determined by nitrogen analysis of the supernatant solutions. Results 
are shown in Table 1 \L 

The results shown in section B of Table IV are especially significant. 
The precipitation curves of Fraction A2 and A3 on the one.handV and 
that of Fraction Ai on the other hand, point to the existence of two 
distinct types of protein which, for convenience, will be called Type I 
(Fractions A2 and. As) and Type, II (Fraction Ai). The action of added 
water upon methyl celiosolve' solutions' of both A2 and As was very 
sharp, forming compact coagiilums;'the addition of water to .Fraction 
Ai formed a suspension which .was stable 'even upon, standing for 
several hours. Amounts of precipitate, recorded refer actually to the' 
amounts' of separable coagulum ' and '■ do -not. include the^ material , left 
in, suspension as a stable sol. 



328 


FRACTIONATION OF ZEIN 


VoL 21 


TABLE IV 

Fractional Precipitation of Various Zein Samples by the Addition 
OF Water to Their Methyl Cellosolve Solutions 


Fraction 

Cone, zein 
in stock 

Percentage of total protein precipitated upon addi- 
tions of given percentages of water (by volume) 


so!ns. 

i 

28.5 

33.3 

37.5 

41.2 

1 

44.4 

50.0* 


gjlOO ml 







Section A 








'X 

5.4 

0 

28.7 

67.6 

! 82.7 

84.5 

! 73.0 

A 

4.7 i 

0 

38.7 

78.3 

88.6 

— 

88.8 

" B 

5.5 

0 

30.0 

73.2 

78.8 

50.9 

17.2 

C 

5.5 

0 

00.0 

47.9 

87.0 

96.0 

99.0 

Section B i 








Ai 1 

4.8 

0 

1.0 1 

3.5 

3.6 

2.0 

2.0 

As , 1 

4.7 

0 

48.1 ; 

82.9 

93.8 

96.1 

99.0 

As 

5.7 

0 

32.6 

75.9 

89.6 

96.0 

98.9 

Section C 








Mixture, 5Aa + lAi 

6.0 

0 

7.5 

64.7 

81.7 

82.2 

27.5 

Bx 

4.3 

0 

50.2 

83.1 

93.8 

91.8 

94.9 

B 2 

3.4 

0 

0 

8.1 

4.9 

3.5 

10.6 


If it is assumed that in a mixture of the two types of protein (I and 
II) in solution, a complex disperse-phase system is formed, then, upon 
addition of water to such a system, the type of precipitation curve 
obtained would depend upon the relative quantity of each type present. 
The following experiment was devised to test the effect of one type upon 
the other with regard to the character of coagulum formed when their 
methyl cellosolve solutions were diluted with water. 

A mixture of Fractions As and Ai was dissolved in the ratio of 5 : 1 
in methyl cellosolve. W ater was added to this stock solution as before. 
Results are shown in Table IV, section C. In this case, a mixture has 
been produced which is quite similar to~if not identical with— Fraction 
B. It should be possible, therefore, to resolve Fraction B into sub- 
fractions which would have the precipitation properties characteristic 
of Type I and Type IL ■ 

To effect such a resolution, a 6% solution of Fraction B in methyl 
cellosolve was prepared and water added up to 40%. The precipitate, 
called Fraction Bi, which should be of Type I, was separated from the 
filtrate, which then contained Fraction B 2 . Each fraction was air 
dried and resuspended in methyl cellosolve. The results of precipita- 
tion experiments on both of these fractions are given in Table IV, 
section C, and may be compared with the original Fraction B, It is 
seen that Fraction Bx gives a precipitation curve which is quite similar 
to that of Fraction A 2 or As (Type I) while Fraction B 2 is similar to 
■Fraction,Ai,(TypeII). ' 
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Optical Rotations of Solutions of Fractions of Zein in EthanoL 
Lindet and Ammann (1907) found that the a and ^ zeins, as defined by 
Donard and Labbe (1903), showed varying specific optica! rotations 
when dissolved in ethanol solutions of varying water content. Also, 
the rotations of the two fractions were not identical when dissolved in 
the same ethanol-water mixture. From this they concluded that these 
zeins represented distinct proteins. Table V gives the values for 

TABLE V 

Specific Optical Rotations of Zein Fractions A 3 , B, C, and Ai at 23®C in 
Different Concentrations of Ethanol 
(Values for a and 13 zein by Lindet and Ammann (1907) for comparison) 


Ethanol 

concentration 

specific optical rotation [ot] ^ 

Lindet and Ammann 

Zein fractions 

at zein 

/3 zein 

As 

B 

C 

Ai 

% i 

degrees 

degrees 

degrees 

degrees 

degrees 

degrees 

70 1 

29.6 

40.0 

39.4 

36.0 

32.5 

23.9' 

80 ^ 

29.6 

40.0 

35.8 

— 

32.5 

23.9 

90 

23.1 

22.1 

23.3 

25.2 

21.7 

18.3 


four of our fractions together with those of Lindet and Ammann for 
their a and zeins. ■Fractions C and A 3 give values which agree fairly 
w^ell with those for the a and j3 fractions, respectively, of Lindet and 
Ammann. Fraction Ai, however, must be considered as distinctly dif- 
ferent from their fractions. Lipatov and Putilova (1936), in their 
study of gelatin fractions, found the less soluble (larger molecular) 
fractions showed correspondingly higher specific rotations. We should 
expect Fraction A 3 to have a higher molecular weight than Fraction Ai 
on this basis. Osmotic pressure measurements showed this to be the 
case. 

Osmotic Pressure Studies. Osmotic pressures of Fractions A3, B, 
C, and Ai dissolved in methyl celiosolve were determined at three 
concentrations. The instrument used was similar to that described by 
Dobry (1935). As collodion is soluble in methyl celiosolve, it was 
necessary to use a denitrated collodion membrane. Denitration was 
accomplished by the use of ammonium hydrogen sulfide according to 
the method described by Jilk ( 1937 ). Experimental data are shown in 
Table VI and Figure 1 . ' : 

The relationships observed between osmotic pressure and concen- 
tration for the various fractions of zein conform with the expression 

P ^ AC+ BC\ 
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TABLE VI 

Osmotic Pressure Data Obtained with Zein Fractions B, C, Ai, and As in 
AIethyl Cellosolve Solution 


Protein concentration 
g/Iiter soln 

Osmotic pressure ^ 
cm water (2S°C) 

Osmotic prcssurc/conc. 

19,15 

Fraction C 

14.10 

0.78 

9.58 

7.73 

0.81 

,4.79 

4.04 

0.84 

19.36 

Fraction Aa 

18.02 

0.93 

9.6S 

7.40 

0.76 

4.84 

3.13 

0.65 

9.43 

Fraction Ai 

6.28 

0.67 

4.72 

4.16 

0.88 

2.36 

2.31 

0.98 

19.25 

Fraction B 

18.69 

0.97 

9.63 

7.49 

0.78 

4.81 

3.39 

0.71 


1 Obtained by multiplying the difference in hydrostatic levels between solution and solvent by the 
density of solution. 


where P is the osmotic pressure, C the concentration, and B and A 
are constants which represent, respectively, the slope and intercepts of 
straight lines obtained when PIC is plotted against C. Although the 
micellar weights are calculated from values of the intercepts, the frac- 
tions also appear to be characteristically differentiated by the slopes 
so obtained. Thus Fractions As and Ai which show marked differences 
with respect to specific optical rotation and precipitation behavior are 
likewise sharply marked in their osmotic behavior by a reversal in sign 
of slope. The method of least squares w^as used to determine the most 
probable value of the intercept. The intercept represents the limiting 
value of (P/Oc-rtL The molecular weight is then given by the expres- 
sion 

22.41 X (1 + .00367 0 
9.651 X X intercept 

where t is expressed in degrees centigrade, P is expressed in centimeters 
of water, and C is expressed in grams of solute per 1000 ml of solution. 
Table VII gives the intercepts found and the corresponding calculated 
molecular weights. ■ 

Discussion of Results 

In the precipitation study it was found that Fraction B consists of 
a mixture of Type I and Type II proteins. Upon calculating the 
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molecular weight for a mixture composed of 85%, of component of 
molecular weight 45,000 (as for Fraction As) and 15% of component of 
molecular weight 23,330 (as for Fraction Ai), a value of 41,750 is 
obtained. This corresponds closely to the observed value of 41,650 



CONCENTRATION -GRAMS PER LITER 

Fig. t . Osmotic pressure-concentration relationships for various fractionated and refractionated 
protein products obtained from methyl ceilosolve solutions of zein. Fractions B and C are originally 
obtained fractions, whereas Fractions Ai and As are refractionated products obtained from Fraction A. 


actually found for Fraction B. It may be concluded that Fraction B 
consists of Type I and Type II proteins in the ratio of 85 to 15, 

One of the surprising results of the osmotic pressure studies is the 
large difference in molecular weight between zein Fractions B and C 

TABLE VII 


Molecular Weights of Zein Fractions As, B, C, and Ai 


Fraction 

Intercept 

Molecular weight 

As 

0.563 

45,030 

B 

0.609 

' 41,650 ', 

c 

0.855 

■■ 29,650' ' 

Ai 

1.087 

...23,330 ' 
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(Fig. 1). This indicates that the separation of these two fractions has 
been rather sharp and distinct. The osmotic pressure studies have 
further corroborated the results obtained with optica! rotation and 
peptization studies. By assuming no change in physical properties 
during the repurificadon process and that zein Fractions C, A2, and A3 
are free of any material similar to Fraction Ai (Type ll protein) ; also, 
that 15% of Fraction B, 10% of Fraction X, and 5% of Fraction A 
(rough approximations based upon peptization data) consist of a com- 
ponent such as Fraction Ai, it can be estimated on the basis of yields 
of air-dry fractions that 65% of the total protein in zein is a fraction of 
molecular weight 45,000, 25% is a fraction of molecular weight 30,000, 
and 10% is a fraction of molecular weight 23,350. 


Summary 


A method is described of fractionating zein in methyl cellosolve 
solution by addition of water wherein several fractions have been ob- 
tained. One of these fractions (Fraction A) was subjected to a process 
of refractionation which resulted in a further set of subfractions. 

Precipitation studies on the various fractions indicated that two 
types of protein are present in zein: Type I, which is hydrophobic, is 
precipitated as a compact coagulum, whereas Type I I, which is hydro- 
philic, is not precipitable by water but forms a stable suspension when 
thrown out of clear solution. These two types of zein protein were 
found to differ markedly in their total nitrogen content. 

Optical rotation studies on four of the zein fractions pointed to the 
existence of at least three components. 

Osmotic pressure studies on these same zein fractions indicated 
considerable variation in their molecular weights. These results, to- 
gether with information obtained from peptization studies, and from 
the weights of individual fractions obtained in the original separation, 
lead to the conclusion that zein contains components which fall 
roughly into three groups: (1) 65% of the total protein consists of a 
fraction of molecalar weight 45,000 (this is slightly higher than the 
value of 38,000 reported by Elliott and Williams, 1939); (2) 25% of 
the total protein is a fraction of molecular weight of 30,000; (3) 10% 
of the total protein is a fraction of molecular weight 23,350. The 
third protein fraction is of Type IT whereas the others are of Type I. 
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BOOK REVIEWS 

Celiulose and CeOulose Derivatives. Volume V. High Polymers. 

Emil Ott. XX and 1176 pp. Interscience Publishers, Inc., New York, N. Y. 

1943. Price |15. 

This volume is a monograph written by 35 specialists located in the United 
States. In the introduction, the editor states: “The object of this book is to have 
in a unified presentation the most important modern scientific and technical informa- 
tion concerning cellulose and its derivatives and to have this information in such 
form that it becomes a thorough introduction for work on any cellulose problem by 
any person with reasonably wide general technical training.” The historical ap- 
proach has been almost entirely neglected and only sufficient technical detail has been 
included as was considered essential for a broad and reasonably thorough under- 
standing of the whole field. 

The contents are arranged into 10 chapters, each with many subdivisions. The 
chapter outline which follows shows the logical order of treatment of the various 
topics and indicates the scope of the volume. 

Chapter L Occurrence of Cellulose — significance of terms, formation of cellulose, 
identification of cellulose, industrial uses of cellulose, sources of cellulose, natural 
occurrence of combined cellulose. 

Chapter IL Chemical Nature of Cellulose aftd Its-Derivatwes — historical survey, 
chain structure, end groups, chemical significance of polymolecularity, nature of the 
association between carbohydrate and lignin in wood, influence of hemicelluloses in 
pulps, base-ex’change properties, cellulose tests, degradation of cellulose. 

Chapter HI. Structure and Properties of Cellulose Fibers— yi-ray examination, 
structure of wood, microscopic investigation, mercerization, the distribution of sub- 
microscopic metal crystals in fibers, beating and hydration of paper fibers, sorption 
of water and other vapors by cellulose. 

Chapter IV. , Carbohydrates Normally Associated with Cellulose in Nature-— 
sugars found in hemicelluloses and related polysaccharides, hemicelluloses, pectin. 

Chapter Y, Lignin and Other Noncar bokydrates— occurrence, determination, and 
physical properties of lignin; isolation -of lignin,.;' structure of lignin; nature o,f the 
other noncarbohydrate compounds in hvood and straw. 

Chapter VI. Preparation of Cellulose from Its ■ Natural Sources — wood pulp, 
cotton lintefs, rags, bast fibers, straw, grasses, and similar materials. 

Chapter VII. ■ Bleaching and Purification of CeUulose— -bleaching 'of cellulose 
textiles and rags, bleaching' of acid-cooked -wood .pulp, multi-stage bleaching, chlorina- 
tion followed' by hypochlorite bleaching', bleaching of .alkaline-cooked pulps, washi'ng 
of pulp, miscellaneous bleaching age.nts and. processes, .bleaching and p.urification 'Of . 
pulp for special purposes, literature reviews and acknowledgment, 

■Chapter VIIL Derimtives of Cellulose — kinetics and, .'equilibria involved '.in,, 
'cellulose reactions', inorganic esters, ■, cellulose organic ncid' ester's, "alkali and other 
metal derivative,s,' cellulose ethers, xanthates. 
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Chapter IX. Fhyskal Properties of Cellulose and Its Derwaiives — solubility, 
thermodynamic properties of solutions of long-chain compounds, determination of 
molecular weight, influence of polyraolecularity on physical properties, theory of 
the viscosity of dilute solutions of long-chain compounds, practical applications of 
viscosity, elasticity, and strength. 

Chapter X. Technical Applications of the Physical Properties of Cellulose and 
Its Derivatives — natural cellulose, regenerated cellulose and rayon, cellulose deriva- 
tives, future applications. 

]\Iany of the contributors are engaged in industry or working in research insti- 
tutions supported by industrial organizations so that the presentation of industrial 
processes is up-to-date. Recent references which provide an adequate description 
of the topic under consideration have been given preference over earlier references. 
Author and subject indices are included. 

This volume sets a high standard, and the contributors, editor, and publishers 
are to be congratulated in providing a modem presentation of the chemistry and 
technology of cellulose which will be an invaluable reference work for several years 
to come. 

W. F. Geddes, 
University of Minnesota, 
University Farm, 

St. Paul ' 

The Constituents of Wheat and Wheat Products. By C. H. Bailey. 332 pp. Rein- 
hold Publishing Corporation, Neur York. 1944. Price $6.50. 

In his introduction the author says that this book is intended to cover “what 
might be termed the descriptive biochemistry of wheat and wheat products,” and that 
it is merely “a report of progress,” The reader will soon discover that the book is, 
essentially, a complete historical review, presented objectively and impartially, and 
including nearly every contribution to our knowledge of wheat constituents that has 
been reported in the literature up to 1943, starting with Becarri’s famous “gluten 
washing” experiment which was announced in 1728 and published in 1745. 

As anticipated by the author, in the introduction, some readers will consider that 
there is too much detail in the recording of numerous items which are of historical 
interest only, and are obviously of no practical value in the light of current knowledge. 
In this reviewer’s opinion, however, this is a minor matter. Of far greater importance 
is the painstaking thoroughness with which the entire world literature has been 
covered. All cereal technologists will gratefully acknowledge the real service that 
Dr. Bailey has rendered in making such a comprehensive and unique compilation 
conveniently available to them. 

There are 16 chapters, covering the known and reported constituents of wheat. 
Seven chapters deal with the nitrogen compounds, and three v\rith the carbohydrates. 
The remaining six are concerned, respectively, with the lipids, minerals, halogens 
(together with sulfur and selenium), acidity, pigments, and vitamins. 

Some readers will question the propriety of referring to the use of the Kjeldahl 
method as " Kjeldahling.” If this becomes standard practice we may expect even- 
tually to see statements to the effect that a substance was “ Sorensened,” “ Fischered,” 
'.or “ Van Slyked.” 

Literature citations are complete. There is an author index, and the subject 
index is adequate. _ A number of typographical errors are noted, but this is quite 
excusable under existing circumstances. 

Every cereal chemist will wish to own a copy of this excellent book, which is the 
first and only one of its type in existence. The introduction contains a hint that Dr. 
Bailey is planning another volume, which will deal with the “dynamic biochemistry ” 
of wheat and will consider enzymes, bread making, w^heat processing, etc. Such a 
volume would be enthusiastically welcomed, and it is hoped that it will eventually 
make "its appearance. , 

M. J..Blish,^ 

Amino' Products Co., 

Rossford, Ohio 
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GELATINIZATION STUDIES UPON WHEAT AND OTHER 
STARCHES WITH THE AMYLOGRAPH » 

C. A. Anker and W. F. Geddes 

Division of Agricultural Biochemistry, Minnesota Agricultural Experiment StatioUj 
University Farm, St. Paul, Minn. 

(Presented at the Annual Meeting, May 1942; received for publication January 19, 1944) 

In recent years, considerable attention has been given to the de- 
velopment of convenient tests for the detection of excess amylase 
activity in relation to its undesirable effects on the crumb characteris- 
tics of baked goods. Kozmin (1933) and Molin (1932, 1934) were 
apparently the first to point out that excessive enzymic degradation of 
starch during baking is responsible for the production of bread with a 
moist sticky crumb of poor eating quality because of the decreased 
ability to bind water set free by coagulation of the gluten proteins. 

The control of aipha-amylase activity appears to be of particular 
importance in the manufacture of breads made largely from rye flours, 
and Brabender (1937) described a recording viscosimeter for evaluating 
the baking quality of these flours. This apparatus, known as the 
amylograph, provides a continuous automatic record of the changes in 
viscosity of a flour-water suspension as the temperature is increased at 
a uniform rate. The increase in viscosity which takes place upon 
gelatinization of the starch is opposed by the liquefying action of the 
amylase present and the height of the curve at maximum viscosity is 
considered an index of amylase activity (Brabender, 1937; Brabender, 
Mueller, and Koster, 1937). The amyiograph has been applied to 
flour quality studies by Schmidt and Scholz (1938); Brabender, 
Mueller, and Heide (1938); and Scholz (1940). Other torsion-type 
instruments have been developed which, like the amyiograph, permit a 
study of the relative viscosity changes which occur in starch suspensions 
with increases in temperature (Caesar,- 1932; Caesar and, 'Moore, 1935; 
Radley,, 1940; Barham, Wagoner, -and -Reed, 1942). The course of 
starch gelatinization may also be followed by measuring, the increase in 
light transmission of starch suspensions upon heating (Cook and Axt- 
mayer, 1937). . ' 

^ PaperNo.21:78,ScientificJournai'Series, Minnesota Agricultural Experiment Station,' Condensed 
from a thesis, presented by Charles A.. Anker to'the faculty of the graduate school in;partial fulfillment 
of the requirements for: the, degree of Master of Science, December. 1942.-' 
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The recent studies of Hollenbeck and Blish (1941) justify the use of 
starch liquefaction as a measure of the dextrinization of starch by 
alpha-amylase. In testing- wheat or rye flours, however, several 
variables, such as starch content, inherent starch characteristics, extent 
of mechanical injury of the starch, and pH, may materially influence 
the paste viscosity in addition to differences in the extent of liquefaction 
which results from variations in aipha-am 3 dase activity. Although 
there may be definite limitations in the general use of the amylograph 
as an index of the relative alpha-am 3 dase activity of flours, it would 
appear to provide a convenient means for investigating differences in 
the pasting properties of starches from various sources; also for stUvd\'” 
ing the relative resistance of different starches to alpha-amydase ami 
the effects of different processing treatments used in the starch industry." 

The studies reported in this paper represent preliminary investiga- 
tions designed to determine the possible utility' of the amylograph in 
flour and starch technologic In addition to experiments related to the 
technique of operation, the amylograph was employed in studies of the 
relative gelatinization characteristics of wheat, corn, and potato starch 
at various concentrations, of the effect of storage on the paste viscosity 
of wheat starch, and of various agents on pasting properties. 

The Amylograph and Its Operation 

Description and Operation. The amylograph is a torsion viscosi- 
meter which automatically records the resistance to shear offered by a 
flour or starch suspension as the temperature of the suspension is 
increased at a constant rate of approximately l.S^C per min. The 
cylindrical, tinned-brass bowl (operating capacity^ 500 ml) in which the 
suspension is placed contains eight fixed, vertical pins and is rotated 
at the rate of 75 rpm in an electricall^c heated air bath by means of a 
synchronous motor which also operates the k 3 anograph and the device 
for controlling the rate of temperature increase. The customary vis- 
cosimeter bob is replaced b 3 ^ seven metal pins attached to a circular 
metal disc around a central shaft, which is connected at its upper end 
to a coiled-wire spring; this, in turn, is fastened to the lever and pen of 
the kymograph. The rotation of the bowl forcing the suspension past 
the pins exerts a stirring effect and the frictional resistance causes the 
free-moving pins to rotate on their central axis against the resistance 
of the coil-spring. The extent of rotation is recorded by the k 3 mio- 
grapli in arbitrary units ranging from zero to 1,000 with rulings at 
20-umt intervals; time rulings are provided for 1-min intervals. 

The heater circuit is controlled by a contact mercury thermometer 
which functions as an ingenious thermoregulator. Provision is made 
for elevating the upper contact wire of the thermometer by means of the 
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synchronous motor, at a rate which requires a temperature rise of about 
per mill to complete the circuit between the two contacts. The 
movement of the contact may be arrested at any desired temperature 
by means of a clutch which disengages the driving mechanism. A 
crank is provided for the manual setting of the contact at any desired 
temperature. The head of the amylograph, which supports the thermo- 
regulator and shaft carrying the movable pins, may be raised by a lever 
to permit these parts to be swung out of position for convenient filling 
and removal of the bowl. 

The operation of the amylograph has been described by Brabender, 
Mueller, and Koster (1937) and is quite simple. With starches, a 
convenient weight (usually 40~50 g) is placed in a 500 ml Erlenmeyer 
flask and 250 ml of distilled water at 25^C added; the flask is then stop- 
pered and shaken to form a smooth suspension which is poured into 
the amylograph bowl. Wheat flours are mixed with the water in a 
small howl b}^ means of an egg beater in order to avoid lumping. An 
additional 200 ml of distilled water at 25®C is employed to rinse out 
the Erlenmeyer flask or bowl, and the rinsings are added to the sus- 
pension. The head of the amylograph is swung into position and the 
thermometer and movable pins are lowered into place. The upper 
contact of the thermometer is set at 25°C, the kymograph adjusted, 
and the control switch turned on. The temperature of the suspension 
is normally allowed to increase to 95°C when it is held constant. The 
apparatus is usually operated for a total elapsed time of 60 min. 

Relatiofi of Response to Shearing Stress. It was necessary, first, to 
ascertain whether the kymograph readings bore a linear relation to the 
force acting against the coil-spring of the instrument. An approximate 
test of the linearity of response was made in the following manner. 
The amylograph was completely assembled and the bowl left empty. 
A short lever was attached to the cover of the bowl and to this a strong 
cord was tied which passed over a small pulley and had an aluminum 
weighing pan fastened to the free end. The pulley was so arranged 
that the force applied to the cord was exerted at right angles to the 
lever at an amylograph reading of 500 units, that is, at the midpoint 
of the total angle (approximately 60°) described by the lever in covering 
the entire range of the instrument. With the writing arm adjusted to 
zero, weights ranging from 20 to 230 g in 10-g increments were placed 
on the pan and the amylograph units recorded. The data, given in 
Table I, deviate only slightly from a linear relationship. Some devia- 
tion would be expected since the applied force was not uniformly 
exerted at right' angles to the lever. . Also, the applied load tended; 
to pull the shaft to one side, thereby increasing the friction against the' 
bearings as the load became greater.', , ■ It. :may be concluded that the,. 
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amylograph readin,gs are essentially directly proportional to the resist- 
ance to shear of the medium under test. 

Form mid Evaluation of the Amylograph Curve. For convenience, 
the resistance to shear, as measured in arbitrary units by the amylo- 
graph, will be called ‘‘viscosity” throughout this paper. It is recog- 


TABLE I 

Relation between Amylograph Reading and Applied Load ^ 


Load 

Amylograph 

reading 

Load 

Amylograph 

reading 

Load 

Amylograph 

reading 

g 

B. U. 

S 

B. U. 

g 

B. U. 

20 

90 

90 

465 

160 

775 

30 

155 

100 

510 

170 

810 

40 

215 

110 

560 

180 

850 

50 

250 

120 

600 

190 

890 

60 

315 

130 

650 

200 

930 

70 

365 

140 

690 

210 

960 

80 

410 

150 1 

730 

220 

990 


^ Recorded values apply to weights added and do not include the weight of the cord and pan. 


nized that the resistance to shear or apparent viscosity depends upon 
several factors, such as the extent of aggregation of the granules, the 
extent of swelling (which not only influences viscosity by altering the 
volume relation between disperse phase and dispersion medium, but 
also by its influence on the degree to which the granules may be de- 
formed under pressure), and the extent of granule disintegration or 
rupture, which not only changes the volume relation between disperse 
phase and dispersion medium but also the composition of the latter. 
Above certain limiting or critical concentrations which depend on such 
factors as the kind of starch, the extent to which it has been modified 
by pretreatment, and the pasting conditions, the viscosity of starch 
pastes is dependent upon the rate of shear, that is, such pastes exhibit 
anomalous or structural viscosity. These limiting concentrations are 
rather low for unmodified starch pastes: corn starch suspensions, for 
example, show anomalous viscosity at concentrations above about 2% 
when pasted at 90°C (Brimhall and Hixon, 1942). It is well known 
that starch pastes exhibit thixotropy, that is, they have gel properties 
when quiescent, become more fluid on the application of a shearing 
force, and again behave as gels when allowed to return to the quiescent 
state. Brimhaii and Hixon (1942) state that the amylograph and 
Gonsistometer “give results in which structural viscosity is subor- 
dinated to the resistance of the granules to crushing and the thixo- 
tropic characteristics of the pastes.” 

Several workers have established that when an aqueous starch 
suspension is gradually heated, the granules lose their characteristic 
birefringence before appreciable swelling occurs. Upon further heat- 
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ing, swelling becomes pronounced with a resulting increase in viscosity; 
in the absence of mechanical action, relatively little granule disintegra- 
tion and solubilization of the starch takes place. Gallay (1936) and 
Gallay and Bell (1936) have concluded that the viscosiU' of a starch 
paste that has not undergone any severe pretreatment depends on the 
volume relation between disperse phase and dispersion medium and on 

TEMPERATURE- 


60 67 74 81 88 95 95 96 



TIME -MINUTES 

Fig. 1. Effect of wheat starch concentration on amyiograpli curve characteristics. 

the deforraability of the swollen granules. From studies of the vis- 
cosity changes which occur in corn and potato starch pastes on heating 
and stirring, Katz (1938) concluded that the heat gelatinization curve 
is a result of two" opposing factors ; ' one, the progressive swelling and 
hydration . of ' the starch' granule' (which increases viscosity), and 'the 
other, the breakdown of the vesicle-, walls (which decreases viscosity). 
Schoch (1941) -has pointed out- .that the viscosity of - a boiled starch, 
paste must be due largely tp the -presence of swollen -aggregates or'' 
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fragments of granule structure since the viscosity markedly decreases 
upon autoclaving or violent mechanical agitation. 

Representative amylograph curves made with commercial wheat 
starch suspensions of varying concentration are shown in Figure L 
The particular amylograph used in this study provided a temperature 
increase of 1.39°C per min. The general form of the gelatinization 
curve is similar to that obtained by Caesar (1932) with the consistome- 
ter, and by Barham, Wagoner, and Reed (1942) with their rotating 
c^diiider viscosimeter. As pointed out by Caesar, the initial flat por- 
tion of the curve represents the period where any swelling is insufficient 
to register an increase in viscosity with the instrument; as the tempera- 
ture is raised swelling becomes more and more pronounced, wdth a 
resultant increase in viscosity. Granule disintegration is not an im- 
portant factor affecting the viscosity until swelling has progressed to 
the point where the granules become rather closely packed. As the 
packing becomes closer, the internal shearing stress increases with a 
concomitant increase in the extent of granule rupture. At the peak 
viscosity, swelling has nearly reached a limiting value and the influence 
of the small remaining increase in swelling is counterbalanced by any 
viscosity-decreasing factprs which are operative. From this point on, 
the latter predominate, and further stirring and heating result in a 
decrease in viscosity. Although granule disorganization is the com- 
monly accepted explanation of the sharp recession of the pasting curve, 
an increase in the permeability of the swollen granules may play a part 
in this phenomenon. 

As the starch concentration increases, there is an appreciable de- 
crease in the temperature at which the viscosity shows a measurable 
change, a marked increase in maximum viscosity, and a slight decrease 
in the temperature of the paste at which the peak viscosity is registered ; 
moreover, the peak viscosity is more abrupt, and the subsequent de- 
crease in viscosity is more rapid. Caesar (1932) and Barham, Wagoner, 
and Reed (1942) have reported similar findings. As the starch con- 
centration is increased, a given degree of swelling will have a greater 
effect on the viscosity of the suspensions; consequently, a lower tem- 
perature and less swelling will be necessary to bring about a viscosity 
increase sufficient to be recorded by the amylograph. It is noteworthy 
that the amylograph is relatively insensitive to any swelling which 
occurs at temperatures below about 71°C. As pointed out by Caesar 
(1932), the lower paste temperature and the increase in slope of the 
down-gradient portion of the curve, as the starch concentration is 
increased, may be explained as being the result of greater granule rup- 
ture due to closer packing of the swollen granules. 

As it is impractical to reproduce large numbers of gelatinization 
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curves, it is necessary to adopt some simple means of presenting their 
most significant characteristics in tabular form. For this purpose, 
three measurements can be readily taken from the curves: (1) the 
temperature at which the first perceptible increase in viscosity occurs; 
this has been conveniently called the temperature of transition by Cook 
and xAxtmayer (1937); (2) the maximum viscosity; and (3) the tem- 
perature at which maximum viscosity is attained. 

Precision of Amylograph Values. As an index of the precision of 
the amylograph, an analysis was made of the data for 69 sets of dupli- 
cate values obtained in connection with the various studies reported in 
this paper. The results were as follows: 


Variable 

Mean value 

Mean difference 
between 
duplicates 

standard error 
(single 

determination) 

Temperature of transition, 

74.4 

0.64 

0.95 

Paste temperature at maximum 
viscosit}', °C 

Maximum viscosity, Brabender units 

88.5 

0.20 

0.30 

59.5 

6.2 

9.3 


Because of the gradual initial increase in viscosity, the error in esti- 
mating the temperature of transition from the curve is much higher 
than that involved in estimating the paste temperature at maximum 
viscosity. Considering the magnitude of the values, the replicate error 
for maximum viscosity is very satisfactory, especially since the kymo- 
graph paper is only ruled to 20 units; on the basis of the mean value of 
this variable, the error is 1.6%. 

Effect of Variations in Technique. Since the viscosities of the wheat 
starch suspensions shown in Figure 1 did not increase until tempera- 
tures of from 71° to 83°C (depending upon the concentration) were 
reached, after 33 min or more of heating, it appeared that the test 
might be speeded up by employing a starting temperature just befow 
the temperature of transition. The influence of starting temperature 
on curve characteristics was studied by preparing, in duplicate, five 
suspensions (containing 9.1% of wheat starch) at temperatures varying 
between 25° and 65°C; gelatinization curves were made with the con- 
tact thermometer set initially at the respective temperatures employed 
in preparing each suspension. The mean results,, summarized in 
Table II, show a marked increase in maximum viscosity with starting 
temperatures exceeding 45°C. ’ ■ These results emphasize the importance, 
of maintaining a uniform rate of heating throughout the entire course 
of the swelling and gelatinization process if consistent results are to be 
obtained. ■ In fact, uniformity of technique in preparing the suspen- 
sions is also important., • Allowing the prepared suspensions do stand 
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TABLE II 

Effect of Starting Temperature on the Amylograph Curves for 9.1% 
Suspensions of Commercial Wheat Starch 


Starting 

temperature 

Temperature of 
transition 

Paste temperature 
at max. viscosity 

Maximum 

viscosity 




B. U. 

25 

68.8 

90.5 

658 

35 

67.0 

91.0 

690 

45 

72.9 

90.8 

692 

55 

65.6 

90.8 

in 

65 

73.3 

91.4 

816 


for 15 min before commencing a test was found to increase slightly the 
temperature of transition and the maximum viscosity. 

In subsequent experiments, the curves were started at 25°C imme- 
diately after the suspensions were prepared. Empio^dng the standard 
technique of heating to 95‘^C and then holding the temperature con- 
stant at this value for a total elapsed time of 60 min, wheat starch 
suspensions (9.1% starch) lost 23 to 24 g of water by evaporation. 

Geiatinization Characteristics of Com, Wheat, and Potato Starch 

To secure an index of the difference in amylograph curve charac- 
teristics for unmodified commercial corn, wheat, and potato starch, 
curves were made with these starches at suitable concentrations to give 
maximum paste viscosities which fell within 700 and 800 Brabender 
units. The results of mean determinations are given in Table III. 

TABLE III 

Gelatinization Characteristics of Potato, Corn, and Wheat Starch 


Starch i 

Starch 

concentration 

Temperature 
of transition 

Paste temperature 
at max. viscosity 

Maximum 

viscosity 


% 


°C 

B, U, 

Potato 

5,0 

64.6 

88,9 

720 

Corn 

7.0 

73.7 

90.0 

745 

Wheat 

10.0 

70.2 

91.2 

830 


The potato starch gave a viscosity increase at a much lower tempera- 
ture than the corn and wheat starch and the maximum paste viscosity 
was reached at a slightly lower temperature. The viscosity of the 
potato starch rose very rapidly after swelling began and exhibited a 
much broader maximum and lower rate of decrease than that of corn 
or" wheat starch. 

To secure a comparison of the relative paste viscosities of the three 
starches, amylograph curves were made with each starch at a series of 
concentrations. The results are given in Table IV. As shown in 
Figure 2, when the logarithms of the maximum viscosities are plotted 
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TABLE I\^ 

Effect of Conxentration on Maximum \"iscosity of Potato, Corn, 

AND Wheat Starch 


Potato starch 

Corn starch 

Wheat starch 

Starch 

Maximum 

Starch 

Maximum 

Starch 

Maximum 

concentration 

viscosity 

concentration 

viscosity 

concentration 

viscosity 

% 

B. U. 

% 

B. U. 

% 

B. U . 

2.17 

135 

5.86 

220 

8.54 

230 

2.60 

210 

6.64 

320 

9.27 

350 

3.02 

290 

7.02 

405 

10.00 

485 

3.43 

390 

7.22 

420 

10.71 

570 

3.85 

510 

7.41 

1 470 1 

11.42 

710 

4.05 i 

i 590 

7.79 1 

54b 

12.11 i 

875 

4.26 I 

1 660 

i 8.16 1 

i 610 ; 



4.66 1 

825 

I 8.54 1 

720 j 



1 

i 

: 8.91 ^ 

810 





Fig. 2 . Relation between' concentration and m.ajcimum jNaate.viscosity of potato, 'corn, and wheat starch . 
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against the logarithms of starch concentration a straight line results 
for each starch. These data show the wide differences in paste vis- 
cosity of the three starches at equivalent concentrations. 

Mathematical Relation between Starch Concentration and 

Paste Viscosity 

Brimhall and Hixon (1942) have recently reviewed the various 
equations proposed for expressing the relation between viscosity and 
the volume or the concentration of the starch granules. In studies 
with a series of wheat starches, Rask and Alsberg (1924) found that by 
plotting the logarithms of the viscosity of the pastes, as determined at 
90"^ C with a Stormer viscosimeter, against starch concentration (2.8%- 
5.8%), a straight line resulted. Brimhall and Hixon, in determining 
the hot paste viscosities of unmodified corn starches, in a capillary 
viscosimeter, found that the logarithmic relation of Rask and xAIsberg 
held only over certain ranges of concentration and pressure. 

The linear relation between the logarithms of maximum viscosity 
and logarithms of starch concentration noted in the present work was 
found to hold with unmodified potato, corn, and wheat starch over all 
ranges in concentration investigated. This relation is represented by 
the formula y == Should further investigation establish that it 

holds generally for various native and modified starches, it would be of 
considerable practical significance. By making a series of viscosity 
determinations over a range of concentrations, regression equations 
could be established for each starch type, from which the paste vis- 
cosity corresponding to any desired concentration could be computed, 
or vice wrsa. 

An explanation - of the observed relationship between maximum 
viscosity and initial starch concentration may be reached if it is 
assumed : 

(1) that during the gelatinization process, the ungelatinized gran- 
ules A form highly swollen gelatinized granules B which are then 
eventually ruptured as a result of shearing action, thereby losing most 
of their incorporated water and forming relatively nonhydrated dis- 
integrated granules C; (2) that the viscosity increment due to A and 
to C is small or insignificant as compared with the viscosity increment 
due to B; (3) that the viscosity-concentration relationship with respect 
to B is approximately described by the Arrhenius equation: that is 
log 7}r = (where denotes the concentration of B); (4) that 

7]s >>7}o== where 7js — viscosity of solution and == viscosity of solvent. 
The relative viscosity rjr would then be approximately proportional to 

2 xhe authors are indebted to D, R. Briggs, Division of j\gricultural Biochemistry, University of 
Minnesota, ior the expianation referred, to. ' 
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and the value Vs could be substituted for rir in the Arrhenius equation; 
that is, log 7]s — (5) that the process A — ^ B, involving the 

taking up of water by the granule, is a first-order process- At the end 
of a given time, the amount of B present would then be directly pro- 
portional to the initial amount of A present. This process could be 
expected to be of the first order as long as there was sufficient water 
present so that no competition occurred between granules for the water; 
(6) that the process B — > C, involving the rupture or disintegration of 
the gelatinized granules, is a second- or higher-order process. This 
would be expected since the rate of disintegration should be a function 
of the shearing action on the swollen granules, and the intensity of this 
shearing action is a function of the viscosity, which in turn is a function 
of the concentration of B. 

On the basis of these assumptions, the amount of B formed in a 
given time after the process began would be proportional to the initial 
concentration of however, as the initial concentration of A is in- 
creased, the maximum amount of B would be reached in a shorter time, 
and the value of the maximum attained for B would vary logarithm- 
ically with the initial concentration of A (or to the amount of B formed 
in each comparable unit of time after the process A — > B is initiated) : 


thus, 


= K log C^]inUiul 

and 

log ??srnax. 


then 

log ‘IJsmax, 

= K'K log [.4 Initial 


this is the observed relationship. The amylograph curves also show a 
slight displacement of the maxima toward lower time values as the 
initial starch concentration is increased (see Fig. 1). This is not 
marked because of the very short time interval which is required for 
the entire process: A B — > C. 

Effect of Various Agents on the Pasting Properties of Starch 

Effect of Flour Froieins upon Amylograph Curves for Wheat Starch. 
In interpreting peak viscosities obtained with suspensions of wheat 
flours as a measure of flour amylase activity, it must be assumed that 
the viscosities are not materially influenced by other variables. The 
marked influence of starch concentration on maximum viscosity indi- 
cates that this variable would have to be carefully^ controlled. In 
wheat flours; however, a decrease in starch is accompanied ■ by an in- 
crease in protein; in flo^urs of equivalent extraction the sum of these two 
constituents may be regarded as being approximately equal.'. It was 
therefore of interest to determine the effect of complementary varia-' 
tions in starch and protein content' on maximum' viscosity. ' 
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Gluten was washed from an undiastated hard red spring wheat flour, 
dried in thin layers at 25®C under vacuum, and finely ground; it con- 
tained 82% of protein (dry matter basis). Two series of amylograph 
curves were made. One series comprised mixtures of this gluten and 
commercial wheat starch in which the protein content was varied from 
6 to 16% ill 2% increments; the other series w^as made with starch 
alone, employing the respective quantities present in the various 
starch-gluten mixtures. In making the curves for the mixtures, the 
gluten was hydrated for 2 hr in a 100-ml portion of the water used to 
suspend the starch. 

Since flour amylases are, in part, absorbed on, or occluded in, the 
gluten fraction, the amylase activity of the gluten-starch mixtures 
would be expected to increase with increasing gluten content. The 
diastatic activities of the starch, and of starch-gluten mixtures con- 
taining 6 and 16% protein, were determined as outlined in Cereal 
Laboratory Methods (4th ed., 1941) ; the respective mean values were 
8, 16, and 18 units. It may be assumed that these relatively small dif- 
ferences in diastatic activity would not materially influence the gela- 
tinization characteristics, especially since they may be ascribed chiefly 
to beta-amylase activity. 

TABLE V 

Effect of St.^rch Concentration and Added Gluten 
ON Maximum Paste Viscosity 


Protein added 
as gluten 

Maximum paste viscosity 1 

Starch-gluten 

mixture 

Starch 

% 

B. U. 

B. U. 

0 

952 

952 

6 

760 

728 

8 

702 

640 

10 

630 

558 

12 

600 

505 

14 

558 

452 

16 

500 

390 


1 The total dry weight of starch and protein was maintained at 46 g in 450 ml of distilled water. 
The values recorded in the starch column were obtained by gelatinwing starch suspensions which con- 
tained the same concentration of starch as was present in the starch- gluten mixtures. 


The mean maximum viscosities recorded in Table V show, as antici- 
pated, that the substitution of gluten proteins for an equivalent weight 
of starch decreases the maximum paste viscosity. At equal starch 
concentrations, however, the presence of gluten increases viscosity. 
These results imply that, in studying alpha-amylase activity of flours 
with the amylograph, the effect of variations in protein and starch 
content cannot be eliminated by weighing the samples on a constant- 
protein, constant-starch, or constant-protein-plus-starch basis. 
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Effect of pH on Amylograph Curves for Wheat Starch, The effect of 
pH on the amylograph curve for commercial wheat starch was investi- 
gated over the normal range for fermenting doughs (pH 5.2-6. 7) . TwO' 
buffer mixtures were employed, namely, 0.052/ bimaleate buffers 
(prepared according to Temple, 1929),- which covered the entire range 
desired, and 0.052/ citrate buffers (prepared according to Kolthoff and 
VIeeschouwxr, 1926), which covered the pH range of 5. 2-6.0. The 
curves were made with 45 g (dry basis) of commercial wheat starch 
and 450 mi of the respective buffer solutions. A glass electrode was 
used in determining the pH of the suspensions. The mean results of 
duplicate determinations are summarized in Table VI . 


TABLE VI 

Effect of pH and Buffer Composition ox the Amylograph 
Curve Characteristics of Commercial Wheat Starch ^ 


pH of suspension 

Temperature of 
transition 

Paste temperature 
at max. viscosity 

^^^aximum 

viscosity 


°C 

°C 

B, U, 

Control 




4.30 

82.7 

93.2 

880 

Bimaleate buffer mixture 



5.26 

79.2 

92.8 

932 

5.72 

79.2 

93.3 

870 ■ 

6.08 

79.2 

93.8 

836 

6.42 

79.9 

94.2 

780 

6.71 

79.2 

94.9 

760 

Citrate buffer mixture 



5.32 

81.3 

93.8 

910 

5.79 

82.0 

94.5 

830 

6.13 

79.2 

95.2 

750 


1 Suspensions contained 9.1% starch. 


The maximum paste viscosity for each buffer, respectively, de- 
creased in linear fashion with an increase in pH ; the decrease was 
greater for the citrate than for the bimaleate buffer. However, the 
control sample, which was the lowest in pH, gave a greater peak vis- 
cosity than several of the suspensions which were buft'ered at higher 
pH values. This, together with the differences in the effect of the two 
buffer solutions, leads to the suggestion that the results may be due to 
the effects of ion adsorption on the permeability of the granule. 

Effect of Alpha-Amylase on the Gelatinization Curve for Various 
Wheat Starches, The effect of alpha-amylase acti-vdty on the form of 
the. amylograph curve for commercial wheat starch was followed over a 
diastatic activity range of 17, to 600 maltose units, as determined' by the 
regular A. A. C. C. procedure for wheat flour (Cereal Laboratory 
Methods, 4th, ed., 1941).' Takadiastase (undiluted Parke Davis and,,'' 
Co.) was' used, as a convenient means of ' increasing the alpha-amylase' 
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activity of the starch. The quantity of takadiastase varied between 
0 and 2 % of the weight of the starch and was dispersed in the water 
used iii preparing the starch suspensions. To secure full advantage 
of the amylograph scale range, the curves were made with 60 g of 
starch (dry basis) and 450 ml of distilled water or takadiastase dis- 


TEMPER ATURE-'^C. 

60 67 74 81 88 95 95 95 



Fig. 3. Amylograph curves for commercial wheat starch brought to diastatic activities of 17, 
200, 250, 300, and 400 maltose units (dry basis) by addition of takadiastase. Tire starch suspensions 
contained 11.8% starch. 


persion. The pH of the various suspensions was 4.3. The maltose 
content of the gelatinized pastes vras determined by the ferricyanide 
procedure employed in determining diastatic activity, immediately 
following the 60-min gelatinization period. 

Figure 3 shows representative amylograph curves for commerciai 
wheat starches brought to diastatic activity levels of 17 to 400 maltose 
units. Mean curve readings for the entire series, together with the 
quantities of maltose produced during gelatinization, are given in 
Table VILA' ' 
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These data show the marked liquefying action of alpha-amylase. 
As measured by the diastatic activity of the starch-takadiastase mix- 
tures, the effect of alpha-amylase on paste \dscosity is curvilinear. As 
the maximum viscosity decreased, the peaks became less sharp than 
in the instance of lower peak viscosities due to a decrease in starch 
concentration (Fig. 1). The curves for wheat starch with diastatic 
activities of 300 and 400 units exhibited two ill-defined peak viscosities 
at widely different paste temperatures. 

TABLE Vll 

Effect of Added Takadiastase on Amylografh Curve Characteristics for 
Commercial Wheat Starch, and on Maltose Production during Pasting 



Amylograph curve characteristics 


Diastatic 




Maltose produced ^ 

activity 
of starch 

Temperature 

Paste temp, at 

Maximum 



of transition 

max. viscosity 

viscosity 


maltose units — 
mgjlO g 

“C 


B. U. 

mgjlO g 

17 

64.6 

86.8 

1,000 

108 

100 

64.6 

87.8 

988 

133 

200 

64.6 

88.8 

798 

633 

250 ^ 

63.9 

88.2 I 

410 

1,053 

3002 

63.9 

1 90.0 ! 

133 

2,400 

4002 ; 

62.8 

1 68.1 

62 1 

4,933 

500 i 

63.9 

67.4 

36 i 

8,600 

600 

64.6 

67.4 

31 ! 

1 

9,600 


^ Maltose expressed as mg of maltose per 10 g of starch produced during the 60 min reauired for 
amylograph test. 

2 Two peak viscosities w’^ere observed; the paste temperatures and ma.ximum viscosities given are 
for the highest peak viscosities. 


Increasing alpha-amylase activity had no significant influence on 
the temperature of transition but the paste temperature at maximum 
viscosity showed a sudden decrease when the diastatic activity of the 
starch was increased from 300 to 400 maltose units. 

The liquefying effect of alpha-amyiase next was investigated with 
wheat starches prepared in the laboratory from five commercially 
milled flours: a durum fancy patent, southwestern winter wheat patent, 
hard red spring wheat patent, soft wheat patent, and a Alinnesota 
winter wheat patent. Each flour was mixed to a stiff dough with 
water; after standing in water at 15®C for one hr, the gluten was 
washed out with tap water and the starch recovered from the wash' 
water by centrifuging. After washing three times with distilled water, 
the starch was dried at room temperature in a current of air. Three 
levels of takadiastase (0.042, 0.210, and 0.525%), which gave diastatic 
activity values of 100, 200, and 300 maltose units with the commercial 
wheat starch previously studied, were added to each starch and the 
diastatic. activities then ■ determined. . xAm^dograph curves were made' 
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in duplicate employing 45 g of starch and the selected levels of taka- 
diastase with 450 ml of water. 

The results are recorded in Table Vlli ; the relation between dia- 
static activity of the starch preparations and the maximum viscosity 
of the pastes is shown in Figure 4. The wide differences in apparent 

TABLE VIII 

Effect of Additioks of Takadiastase upon the Diastatic Activity and 
Amylograph Curve Characteristics of Different Wheat Starches 

(Suspensions contained 9.1% starch) 


Source of wheat starch 


Takadiastase 


added, 

% 

Durum 

wheat 

Southwestern 
winter wheat 

Hard red 
spring wheat 

Minnesota 
winter wheat 

Soft 

wheat 

DIASTATIC ACTIVITY, MALTOSE UNITS 

nil 

4 

3 

10 

2 

2 

0.042 

42 

31 

27 

12 

10 

0.210 

111 

78 

66 

35 

34 

0.525 

184 

131 

104 

62 

60 


TEMPERATURE OF TRANSITION, 



nil 

80.8 

79.9 

80.8 

81.5 

74.3 

0.042 

80.6 

76.4 

76.4 

76.4 

69.5 

0.210 

65.3 

66.7 

66.7 

68.1 

66.7 

0.525 

66.7 

66.7 

66.7 

63.9 

65.3 


PASTE TEMPERATURE AT 

MAXIMUM VISCOSITY, °C 


nil 

94.5 

94.8 

95.0 

95.0 

91.2 

0.042 ' 

94.5 

94.5 

94.5 

93.1 

92.4 

0.210 

93.1 

91.7 

93.8 

93.8 

90.3 

,0.525 ; 

93,1 

70.7 

69.5 

68.1 

68.1 


MAXIMUM VISCOSITY' 

BRABENDER 

UNITS 


. nil 

878 

755 

770 

735 

888 

^ 0.042 

750 

590 

S50 

590 

770 

0.210 

138 

150 

147 

105 

135 

■ ' 0.525 ■' 

60 

40 

■ 

50 

42 

50 


Jimylociastic susceptibility of the various starches, as indicated by the 
variations in diastatic activity for corresponding increments of added 
takadiastase, may, in part at least, be due to varying degrees of me- 
chanical injury of the starches during milling (Malloch, 1929; Karac- 
sonyi and Bailey, 1930; Sandstedt, Blish, Mecham, and Bode, 1937; 
Sandstedt, Jolitz, and Blish, 1939; Jones, 1940; and others). The 
temperatures of transition and paste temperatures at peak viscosity 
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of the undiastated starches from the different hard wheats, did not 
differ significantly, but these values were appreciably lower for the 
starch from the soft wheat. Diastating the starches resulted in a 
lowering of both the temperature of transition and the paste tempera- 
tures at peak viscosity, particularly for the two highest levels of 



.Fig, 4. Relation between diastatic activity and maximum paste viscosity for various wheat stardi 
preparations. Diastatic activity was varied by additions of takadiastase to the starch. The starch 
suspensions contained 9.1% starch. 

takadiastase. The maximum viscositj' values for equal concentra- 
tions of the undiastated starches varied from 735 Brabender units for 
the Minnesota winter wheat starch to 888 units for the soft wheat 
starch- Increasing the diastatic activity markedly decreased maxi- 
mum paste viscosity of each starch, but the relation between these 
variables is not strictly linear. Although the starches which showed 
the highest apparent amyloclastic susceptibility suffered the greatest 
decrease in viscosity, the maximum viscosity corresponding to a given 
maltose value varied widely with the different starches. For example. 
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a peak viscosity of 400 Brabender units was given by starches varying 
in maltose value from approximately 20 to 85 units. Accordingly, 
maximum paste viscosity cannot be interpreted as a direct index of 
amylase activity unless something is known about the maximum vis- 
cosity to be expected from the starch (or hour) in the absence of am^dase 
activity. 

Effect of Storage on Paste Viscosity of Commercial Wheat Starch, 
A marked decrease was observed in the paste viscosity of commercial 



Fig. 5. Effect of time of storage of commercial wheat stardi on maximum paste viscosity. 

Gelatinization tests were made with 9.1% suspensions. 

wheat starch with time of storage. The starch contained 9.0% mois- 
ture (A. i\. C. C. air-oven method) and was stored in glass bottles at 
laboratory temperature (22~25°C); the pH of a 10% suspension was 
4.3, as determined with a glass electrode. Reitz, Gortner, and Carlson 
(1942) had previously noted the same phenomenon in the cold gela- 
tinization behavior of air-dry wheat starch (10.6% moisture) which 
had been carefully prepared in the laboratory from Thatcher wheat. 

The gelatimzation behavior of the sample used in the present 
studies was followed in the amylograph at intervals over a period of 
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336 days, employing 50 g (dry basis) of starch and 450 ml of distilled 
water. As shown in Figure 5, the maximum viscosity dropped from 
an initial value of 830 B. U. to 370 B. U. after 336 days’ storage. No 
consistent trends were observed ■ in the temperature of transition or 
paste temperature at maximum viscosity. At the end of the storage 
period a portion of the starch was thoroughly washed with distilled 
water, centrifuged, and dried under vacuo at room temperature. 
This treatment was without any significant influence upon its gelatini- 
zation behavior. In view of these surprising results, time, and prob- 
ably conditions of storage, are important factors to be taken into 
consideration in investigating the physicochemical properties of 
starches. 

Effect of Cold Gelatinizing Ageyits on the Heat Gelatinization of J¥heai 
Starch. Several reagents in aqueous solution cause starch to swell 


TABLE IX 

Effect of Cold Gelatinizing Agents upon the Heat Gelatinization 
Behavior of Commercial Wheat Starch 


Gela'tinizing 

reagent 

Reagent 

concentration 

Temperature 
of transition 

Paste temp, 
at max. vis. 

Maximum 

viscosity 


M 



B. U. 

Control 


70.9 

90.3 

557 

Sodium salicylate 

0.01 

66.7 

89.6 

625 

0.025 

67.4 

88.4 

720 


0.05 

66.0 

86.3 

797 


0.10 1 

1 63.9 i 

83.4 

i 972 

Sodium thiocyanate 

0.10 ! 

! 67.4 

- 88.2 

838 

Potassium thiocyanate 

i 0.10 

66.7 i 

i 88.1 

847 

Ammonium thiocyana'te 

i 0.10 

67.4 i 

88.2 

■837 

Potassium iodide 

1 0.10 

66.7 : 

89.6 

785 

Urea 

j 0.10 

67.4 ‘ 

1 

90.0 

576 


or gelatinize at ordinary temperatures. Following the qualitative 
studies of Reychler (1920), a number of workers, including Ostwald 
and Frenkel (1927), Katz (1933), and numerous other papers, Mangels 
and Bailey (1933, 1933a), and Mangels (1934, 1936), have made 
quantitative studies of the relative efficiency of various cold gelatinizing 
agents and have applied them in investigating starches from various 
sources. Caesar (1932), Wiegei (1934, 1936), and Cook and Axtmayer 
(1937)' have carried out heat gelatinization experiments in the presence' 
of various reagents in which the viscosity of the starch suspensions was 
followed as the temperature .of' the' suspensions was increased at a 
constant rate. 

In the present study, six representative gelatinizing a.geBts , were 
employed, namely: sodium salicylate, sodium thiocyanate,, potassium 
t.hiocya,nate, ammonium ' thiocyanate," potassium, iodide, and urea.'. 
The first four compounds hydrolyze to form a.n a^lkaline solution, potas-. 
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sium iodide is a neutral electrolyte, and urea represents an organic 
swelling agent which forms a basic solution. Suspensions made with 
50 g of commercial wheat starch and 450 ml of 0.1 ilf solutions of each 
of these reagents were gelatinized in the amylograph over the usual 
temperature range of 25® to 95®C. In addition, curves were made with 
distilled water and three lower concentrations of sodium salicylate. 
The results are summarized in Table IX. 

As compared with heat gelatinization in water alone, the cold 
gelatinizing agents decreased the transition temperature and the paste 
temperature at maximum viscosity but markedly increased paste 


TABLE X 

Effect of Sodium Salicylate on the Heat Gelatinization of Wheat 
AND Potato Starch ^ 


Sodium 

salicylate 

cone. 

Temperature of 
, transition 

Paste temperature 
at max. viscosity 

Maximum 

viscosity 

Wheat 

Potato 

Wheat 

Potato 

Wheat 

Potato 

M 

“C 

°C 


°C 

B. U. 

B. U, 

0 

85.2 

64.2 

94.3 

81.0 

20 

470 

0,1 

58,6 

62.8 i 

67.0 

72.6 

60 

340 

0.2 

53.0 

58.6 ! 

62.8 

67.0 ^ 

135 

400 

0.5 

51.6 

47.4 

69.1 

55.1 

330 

590 

0.6 


42.5 


50.2 


700 

0.8 

33.4 

34.1 

48.8 

41.8 

475 

770 

1,0 

27.1 

28.5 

32.7 

36.2 

540 

890 

1.2 

25.0 

25.0 

26.4 

33.4 1 

420 

990 

1.4 

j 


25.0 


26.4 


940 


\ Amylograph curves were made with 30 g of starch and 450 ml of water or sodium salicylate 
solution. 


viscosity. Sodium salicylate was the most, and urea the least, effective 
agent. The relative efficiencies of the salicylate, thiocyanate, and 
iodide ions are in the same order as that found by Mangels and Bailey 
(1933), who observed a lyotropic anion effect in their cold gelatinization 
studies. 

In view of the marked effect of sodium salicylate on the heat 
gelatinization curve for wheat starch, additional curves were made with 
30 g (dry basis) of commercial wheat and potato starch in 450 ml of 
various concentrations of this salt. 

The mean results, summarized in Table X, show the very marked 
effects of sodium salicylate in lowering the temperature at which starch 
swelling becomes perceptible, in lowering the paste temperature at 
maximum viscosity, and in increasing the maximum viscosity. The 
greatest relative increase in viscosity was obtained with wheat starGh 
and the maximum was registered at a lower concentration of sodium 
salicylate than with potato starch. 
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The markedly higher peak viscosities obtainable with cold gela- 
tinizing agents, as compared with heat gelatinization, is of theoretical 
interest. Gortner (1933) applied the Kunitz formula to secure an 
estimate of the relative volumes of the disperse phase in cold and hot 
gelatinization of starch; the calculations indicated that the volume of 
the swollen granules was very much greater for cold gelatinization. 
This observation is in accord with the markedly lower temperature 
and higher peak viscosities found in this study when cold gelatinizing 
agents are present. These agents must greatly increase the ability of 
the starch granules to swell without granule disintegration taking 


TABLE XI 

Effect of Modification on Curve Characteristics for Corn Starch 


Sam- 

ple 

No. 


Temperature 
of transition 

Paste temp, at 
max. viscosity 

.^laximum 

viscosity 

Corn starch 

Starch weight 

Starch weight 

Starch weight 



35 g 

SOg 

35 g 

30 g 

30 g 

so g 

1 

1 

Unmodified 

°C 

74.3 


90.3 


a. u. 
696 

B. U. 

2 

Acid modified 

74.3 

70.9 

90.0 

85.8 

138 

422 

3 

Acid modified 

73.0 

70.9 

87.6 

82.4 

120 

40S 

4 

Chlorinated 

70.9 

70.2 

77.8 

76.4 

59 

114 

5 

Chlorinated 

68.1 i 

66.4 

73.0 

72.5 

54 

1 85 

1 


place. In spite of extensive researches on the action of such agents, 
there is as yet no generally accepted theory which completely explains 
their behavior. Meyer (1942) has pointed out that starch grains have 
a limited capacity to swell in hot water and that such limited swelling 
is characteristic of chain polymers which are held together in large 
three-dimensional molecules by network secondary valence linkages 
which can be broken by chemically inert reagents. In starch, the 
swelling and solubilization of the amylose is limited by the lattice-like 
micelles formed by the amylopectin. If the secondary valence bonds 
acting between different parts of the amylopectin are broken, the 
micellar structure is opened up to form larger units thereby making it 
possible for the amylose molecules to take up more water and thus 
cause further swelling of the starch. 

Effect of Processing Treatment of Curve Characteristics for Corn 
Starch, The characteristics of amylograph curves for five samples of 
commercial corn starch obtained from one source are summarized in 
Table XL With one exception, tAvo concentrations, namely 35 g and 
50 g, of starch (dry basis) with 450 mi of distilled water, were employed. 
Starch No. 1 was a crude, unmodified or native starch; Nos. 2 and 3 
were' standard,; acid-modified or thin-boiling starches, representative' of 
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the type used for warp-sizing in textile mills (No. 3 was the more 
highl}^ modified); No. 4 was a chlorinated starch of the type used in 
sizing rayon, whereas No. 5 was a more highly modified chlorinated 
starch ordinarily used in the tub sizing of paper. 

The relative curve characteristics for these starches are in line with 
the extent of their modification. Chlorination appreciably lowered the 
temperature of transition and the paste temperature at which maxi- 
mum viscosity was attained, in addition to markedly decreasing the 
peak viscosity. The problem of evaluating starches prepared by vari- 
ous types and degrees of modification is a difficult one at present be- 
cause they cover such a wide viscosity range that their relative viscosi- 
ties cannot be satisfactorily determined by one method at one concen- 
tration. These limited trials suggest the possibility that relative 
values for the various types could be obtained in the amylograph be- 
cause of the wide range of the instrument. 

Discussion 

These survey experiments show that the amylograph provides a 
convenient means for carrying out technological studies of the pasting- 
properties of starches and of the effects of various agents on gelatiniza- 
tion characteristics. Because of the wide range in the magnitude of 
the viscosities which can be recorded and the various temperatures at 
which it can be operated, it may well prove useful in investigating the 
viscous or plastic properties of substances other than starches and 
flours. From the fact that the machine is calibrated in arbitrary units, 
and the rates of shear and of temperature increase are fixed, it is more 
useful in technological studies than as a research instrument. 

The marked liquefying action of alpha-amylase on the viscosity of 
starch paste favors the use of the amyfiograph as a convenient means of 
determining the alpha-amylase activity of wheat and rye flours. 
However, such variables as pH, starch content, protein content, 
inherent differences in starch characteristics, and in the extent of 
mechanical injury suffered by the starch during milling influence paste 
viscosity and hence would interfere with the interpretation of relative 
height of the amylograph curve as a direct index of the alpha-amylase 
activity of flours which differ widely in these characteristics. In mill- 
control work, these interfering factors would not come into full play; 
the mill mix for any particular type of flour represents a composite of 
certain restricted types of wheat and the protein content is controlled 
within rather narrow limits. How closely maximum paste viscosity 
would be correlated with alpha-amylase activity under such limited 
conditions must be determined by further experiments. 

Two difficulties were encountered which indicate that some im- 
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provement in the design of the instrument would be desirable. In 
certain of the experiments with cold gelatinizing agents, clot formation 
occurred around the upper part of the fixed center pin in the amylo- 
grapii bowl. The other difficulty arose with very viscous pastes at the 
end of the heating period, especially when maximum paste viscosity 
occurred around 95°C. Under these conditions the contents of the 
bowl occasionally boiled over. The stirring was inadequate to main- 
tain a uniform temperature throughout these viscous pastes, which 
resulted in the overheating and boiling over of the starch paste in the 
proximity of the outer edge of the bowl. It is interesting to note that 
Barham et al (1942) observed irregularities in viscosity at high con- 
centrations during the heating period, with their rotating cylinder 
viscosimeter; these were ascribed to clot formation resulting from 
nonuniformity of the pastes. 

Summary 

Response of the amylograph to variations in the load applied to the 
viscosity-registering device was essentially linear. Wheat starch sus- 
pensions gelatinized in the amylograph from initial temperatures above 
45°C gave markedly higher peak viscosities than corresponding sus- 
pensions gelatinized from lower initial temperatures. The precision 
of the measurement is satisfactory; for a series of 69 curves made in 
'‘cate, the standard error (single determination) was 9.3 B. U. 

/ith an increase in starch concentration, the temperature of transi- 
md paste temperature at maximum viscosity decreased, the maxi- 
i t paste viscosity increased, and the rate of decrease in viscosity 
the maximum became greater. When the logarithm of the 
' mum viscosity was plotted against the logarithm of the starch 
^ r t, tntration, a straight line resulted for all starches investigated (corn, 
poj ' o, and wheat). This relation implies that starch swelling is a 
t rsHi 3 rder process while granule disintegration is a second- or higher- 
r « ' process. 

‘ aspensions of wheat gluten and wheat starch gave higher paste 
rUH,i3ities than wffieat starch suspensions of corresponding starch 
::..,antration. 

/ A ,‘Taximum paste viscosity of commercial wheat starch suspensions 
'.ased in linear fashion ■■■with an increase in pH from 5.2 to 6.S. 

'('AvThi decrease in viscosity was less with, bimaleate than with citrate 
rs. 

;/A laximum paste viscosity of ', commercial wheat starch suspensions 
■’ ' T narkedly lowered when the starch w^as brought to increased mal- 
' ^ ^ values by the addition of takadiastase (employed as a source of 
;VrA i-amylase). ' 
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Wheat starches prepared from durum, hard red spring, hard red 
winter, and soft winter wheat flours gave maximum paste viscosities for 
9% suspensions which varied from 735 B. U. for Minnesota hard winter 
to 888 B. U. for soft winter wheat starch. Corresponding additions of 
takadiastase to these starches resulted in wide differences in paste 
viscosity. The relative maximum viscosity values corresponded, in 
general, to the apparent amyloclastic susceptibility of the starches as 
measured by maltose value. For any given paste viscosity, there was 
an appreciable range in the corresponding maltose value for the dif- 
ferent starches. 

Of several cold gelatinizing agents investigated with the amylo- 
graph, sodium salicylate wms the most effective agent and urea the 
least effective. As compared with heat gelatinization in water alone, 
starch suspensions containing the more effective agents gave amylo- 
graph curves which were characterized by a lower transition tempera- 
ture, lower paste temperature at maximum viscosity, and a markedly 
higher paste viscosity. Cold gelatinizing agents greatly increase the 
ability of the starch granules to swell without disintegration of the 
granules. 

Wheat starch stored at 9.0% moisture at room temperature yielded 
suspensions of decreasing maximum paste viscosity with increased time 
of storage. 

Marked differences were noted in the amylograph curve characteris- 
tics for native, acid-modified, and chlorinated corn starches. 

The amylograph appears to provide a convenient means of investi- 
gating the pasting properties of starches from various sources, the 
relative resistance of different starches to amylases and other starch 
degrading agents, and the effects of different processing treatments. 

' Caution must be observed in interpreting the maximum paste vis- 
cosity of wheat- and rye-flour suspensions as an index of relative alpha- 
amyiase activity of the flours because of the influence on paste vis- 
cosity of such variables as starch content, protein content, inherent 
differences between starches, extent of mechanical injury, and pH. 
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THE USE OF THE AMYLOGRAPH IN THE 
CEREAL LABORATORY 

R. 0. Brown and C. G. Harrel 

Research Laboratory, Pillsbury Flour Mills Company, Minneapolis, Minnesota 
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Numerous researches have been conducted on the utility of vis- 
cosity determinations in evaluating cereal products. In these investi- 
gations, many of which gave conflicting results, viscosity was usually 
measured at a fixed temp rature, but lately several workers have 
studied the viscosity of cereal products under flexible, controlled tem- 
perature conditions. There is now available a recording viscosimeter, 
the i\mylograph, which greatly facilitates studies of this nature, since 
viscosity^ can be measured and recorded automatically, either at a 
selected fixed temperature or under uniformly rising temperature 
conditions. Anker and Geddes (1944) ^ have described this instru- 

^ Anker, C. A., and Geddes, W. F., (1944) Oelatmization studies upon wheat and other starches 
with the, Amylograph. , Cereal Chem. 21 : 335-360.' 
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ment and have reported the results of investigations in technique, 
viscosities of different starches upon gelatinization, and effects of 
alpha-amylase on the gelatinization curves of starches. They also 
report the literature on the subject. 

The experiments reported in this paper were undertaken to deter- 
mine the value of the Amylograph in evaluating the baking quality 
of rye, for measuring the susceptibility of different flours to alpha- 
amylase, and as an index of the heat treatment of soybeans. The 
effect of such variables as granulation, pH, and electrolytes on paste 
viscosity were also investigated. 

Experimental 

Relation between Maximum Viscosity and Baking Value of Rye 
Meals. The baking quality of rye meals and flours is markedly 
influenced by their alpha-amylase activity. If this is too high, 
excessive liquefaction and dextrinization of the starch occurs, thereby 
lowering its ability to bind the water liberated by the denaturation of 
the proteins during baking. The bread from such flours and meals 
has a moist crumb with gummy characteristics. On the other hand, 
insufficient alpha-amylase is characterized by a dry, brittle crumb. 
Since these crumb properties are associated with the liquefying and 
dextrinifying action of alpha-amylase, a determination of the viscosity 
of gelatinized suspensions should provide a convenient means of 
evaluating rye products for baking. 

One method for appl>dng this test utilizes the MacMichael vis- 
cosimeter. A suspension of rye meal in distilled water at 30*^0 is 
heated to 75^C in 2.5 min at a uniform rate by heating the viscosimeter 
cup and contents in a water bath and using the spindle as a stirrer. 
The suspension is removed from the water bath and allowed to set 
for 2.5 min. The viscosity is then measured at 75 °C. 

The distribution of the viscosity data into the satisfactory and 
unsatisfactory classifications on the basis of baking tests is shown in 
Figure 1 for some 500 rye meals. The region wffiere the two curves 
overlap is small, thus showing a definite correlation between gelatinized 
meal viscosity and baking quality under the specific test conditions 
employed. 

The utility of the Amylograph for, evaluating baking quality of 
rye meals was next investigated. For this purpose, 13 rye samples of 
varying, baking quality were ground to such a granulation that 95% 
passed through a Np. 16 wire sieve and 50% through a No, 30 wire 
sieve. A suspension containing 72 g of the meal (dry basis) in 400 ml 
of KH 2 P 04 -Na 0 H buffer solution of pH 6.2 was placed in the Amylo-, 
graph bowl,, the anachine started 'at 25°''C, .and the. te,,mperature,. allowed. 
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to increase at the uniform rate of 1.4®C/mijti automatical!}.' provided 
by the instrument. The maximum viscosity was read from the curve 
in Brabender units (B.U.). The diastatic activity of the meals was 
measured as outlined in Cereal Laboratory Methods (4th ed., 1941). 
Rye muffin tests were used to evaluate baking quality. 



Fig. 1 . Division of MacMichael viscosity data for rye meals into satisfactory and 
unsatisfactory values on basis of baking tests. 

The results in Table I show that the higher the maximum viscosity, 
the better the baking quality, and the lower the diastatic activity. 
In other words, it is possible by means of the Amylograph to predict 
the baking quality and thereby furnish a basis for evaluating rye grain. 

Effect of Starting Temperature ^ pH^ Granulation^ and Heat Treatment 
on Maximum Viscosity of Rye Meal Pastes, In testing rye products in 
the Amylograph, a period of about 22 min elapses before any increase 
in viscosity is registered. Different machine starting temperatures 
were used to ascertain whether this preliminary period could be 
reduced. The investigations were performed on rye meals using the 
same conditions as in the previous experiment. 

Table II shows that the maximum viscosity is substantially un- 
altered until the starting temperature is raised above 4,0^C. Anker and 
Geddes (1944) ^ obtained a similar result in an analogous investigation 
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TABLE I 

Relation between Baking Quality, Maximum Viscosity, 
AND DiASTATIC ACTIVITY OF RyE MeALS 


Rye 

sample 

Baking 

quality 

Maximum 

viscosity 

Diastatic activity 
mg maltose/ 10 g 

'1 

\"ery poor 

Very poor 

B.V, 

150 

540 

2 

210 

455 

3 

Poor 

223 

445 

4 

Fair 

315 

395 

5 

Poor 

345 

417 

6 

Fair 

435 

335 

7 

Good 

442 

365 

8 

Fair 

445 

382 

9 

Good 

545 

323 

10 

Good 

547 

352 

11 

Very good 

763 

275 

12 

Ver\’ good 

1000+ 

268 

13 

Very good 

1000+ 

85 


with wheat starch, but the effect upon maximum viscosity of further 
increases in starting temperature was much less marked in their 
experiments. An increase of the starting temperature from 25®C to 
40°C decreases the time required to make a curve on rye meal sus- 
pensions from 28 min to 12 min. 


TABLE n 

Effect of Starting TemfeRx\ture on Maximlivi Viscosity of Rye Meals 


Starting 

temperature 

Rye meal No. I 

Rye .meal No. 2 

Max. viscosity 

Time 

Max. vj.scosity 

Time 


! ' B.U, ! 

min 

BJJ. 

min 

25 

150 ! 

28 

545 

1 28 

30 

155 

24 ! 



40 

145 

10 1 

550 

12 

50 

260 

8 

1000- 

9 

60 

350 

6 



70 

375 

5 




The effect of pH on maximum viscosity was investigated with 
suspensions of a corn starch and a medium rye flour brought to 
various pH values by means of KH 2 P 04 -Na 0 H buffer mixtures. The 
results are presented in Figure 2, Decreasing the pH of the rye flour 
suspensions over the range studied markedly decreased the maximum 
paste^ viscosity; since there was no effect with corn starch this result 
must be attributed to increased alpha-amylase activity as the pH was 
decreased. The maximum viscosity of the rye 'flour paste at pH ' 7,0' 
was almost 250% greater than at pH. -5.8; thus it is obviously necessary; 
to control pH in' evaluating rye. flours by this method.' ' ■ 
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The effect of granulation on maximum viscosity was investigated by 
preparing rye meals of two granulations from one lot of rye. One 
sample of the grain was ground so that 95% passed through a No. 16 
wire sieve and approximately 50% passed through a No. 30 wire sieve; 
the other sample was ground so that 95% passed through a No. 30 



Fig. 2. Effect of pH on tiie maximum viscosity of a rye flour and a corn starch paste. 

wire sieve. Amylographs were made for both meals, employing 72 g 
in 400 ml KH 2 P 04 -Na 0 H buffer solution of pH 6.2 and a starting 
temperature of 25 °C. The diastatic activity of each meal was also 
determined. The results were as follows: 


Coarse Fine 

meal meal 

Maximum paste viscosity, B.U. 320 535 

Maltose value, mg/lO g 323 447 


These data show the necessity of controlling granulation in evaluating 
different samples of rye by this test. 

The marked effect of amylase activity on baking quality and 
maximum paste viscosity of rye meals w^as further shown by heating a 
sample of rye meal of poor baking quality in live steam at 120^C for 
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30 min. The results of diastatic activity, Am 3 'lograph,.'aii€l baking 
tests for the control and the heated samples were : 


Control Heat-treated 


Maximum viscosity, B.U. 150 

Maltose value, mg/ 10 g 540 

Baking quality Poor 


1000 -f 
_ 85 
Ojooc! 


The higher maximum viscosity and better baking quality of the heat- 
treated sample are associated with a decrease in amylase activity due 
to heat inactivation of the. enzyme. 

Sensitivity and Replicability of the A mylograph, As a test of the 
sensitivity of the Amylograph, tests were made with corn starch sus- 
pensions in which the weight of starch was varied 2.5 and 5.0% above 
and below a reference weight of 40 g per 400 ml of buffer solution 
(KH 2 P 04 -Na 0 H mixture) of pH 6.2. The results in Table HI show 


TABLE III 

Variation of Maximum Viscosity as Related to 
Variation of Weight of Starch 


Weight of starch 

Maximum viscosity 

Grams 

Variation 

B.U. 

Variation 


% 


% 

42 ' 

+5.0 

990 

+ 11.5 

41 

+2.5 

935 

■+ 5.3 

40 

0 

890 

0 

39 

-2.5 

820 

- 7.6 

38 

-5.0 

780 

- 12.2 


that, on a percentage basis, the maximum viscosity values vary 
approximately twice as much as the variation in weight. 

As a test of the precision with which the maximum viscosity of 
rye meal pastes could be determined, Amylograph tests were made in 
quintuplicate on 11 meals, employing the standard technique pre- 
viously outlined. The results presented in Table IV show that the 
precision is quite satisfactory, especially when the magnitude of the 
viscosity values are taken into consideration. 

Effect of Inorganic Salts on Maximum Paste Viscosity. As certain 
electrolytes are known to influence' enzyme activity and' alsO' to affect 
starch paste viscosity, Amylograph curves were made with suspensions 
containing 72 g of a rye meal in 400 ml of 0.1% solutions of various 
salts at a pH of 6.2 (obtained with KH 2 P 04 -Na 0 H buffer mixture) . 

The curves for those salts which influenced maximum paste vis- 
cosity are .reproduced in Figure 3,. 'The cupric, mercuric,' 'Cyanide, 
selenite, borate, and chromate ions, increased,. and calcium and stannous 
ions decreased, 'maxi'mum'paste'Viscosity, ' Other'salts tried but which 
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TABLE IV 

Replicability of Maximum Viscosities on Rye Meals 


Rye meal 

Mean 

Minimum 

Maximum 

Standard error 
(single deter- 
mination) 

Coefficient 
of vmriatiori 


B.U. 

B.U, 

B.U. 

B.U. 

% 

1 

150 

145 

155 

3.5 

2.3 

2 

223 

200 

235 

14.0 

6.3 

3 

210 

200 

220 

10.0 

4.8 

4 

315 

305 

330 

11.7 

3.7 

5 

345 

325 

375 

20.9 

6.0 

6 

435 

425 

470 

19.7 

4.5 

7 

1 442 

425 1 

470 

17.2 

3.9 

8 

445 

430 1 

460 

11.2 

2.5 

9 

545 

515 ! 

580 

25.5 

4.7 

10 i 

547 

510 

580 

28.6 

5.2 

11 : 

763 

735 

800 

27.3 

3.6 

Ail samples 

402 1 



00 

bo 

4.7 


1 Computed from the results of a variance analysis of the data. 
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showed little or no influence on paste viscosity in 0.1% concentration 
were sodium chloride, barium chloride, ammonium chloride, ferric 
chloride, zinc chloride, potassium iodide, potassium bromate, sodium 
fluoride, lead nitrate, sodium arsenate, sodium tungstate, sodium 
citrate, sodium sulfate, and sodium nitrate. 

Effect of Heat Treatment of Soya Meal on Maximum Viscosity, 
Since the heat processing of soya products is said to denature the 
proteins, thereby influencing their viscosity, experiments were con- 

TEMPERATURE “ *0. 



ducted to determine the magnitude of this effect. A soya meal, 
ground to pass through a No. 18 wire sieve, was divided into three sub- 
samples, one of which served as a control. The second subsample 
was processed in live steam at 120°C for 15 min, and the third was 
ground in a ball mill until it passed through a i3XX sieve. Amylo- 
graph curves were made by suspending 92 g of the meals in 450 ml of a 
KH 2 P 04 -Na 0 H buffer solution at pH 6.2.- A starting temperature of 
25°C was used. Figure 4 shows that both line grinding and heat 
processing lower the maximum ' viscosity. In certain chemically' 
leavened products such as pancakes, it is necessary to employ soya' 
products which give low viscosities. 
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Effect of Wheat Type and Amylase Activity on Maximum Paste 
Viscosity for Wheat Flours. Amylograph curves were made with a 
soft wheat flour, southwestern hard wheat flour, and a northwestern 
wheat flour which gave diastatic activity values of 112, 328, and 395 mg 
maltose/10 g of flour respectively. The first two flours were also 
diastated to increase their respective maltose values by 70 units. 
In making the curves, 45 g of the soft wheat flour, 63 g of the south- 
western flour, and 77 g of the northwestern flour were respectively 
suspended in 400 mi of a KHaPOrNaOH buffer at pH 6.2. 

TEMPERATURE — “C. 


25 32 39 53 SO 67 74 81 S8 



Fig. 5. Amylograph curves for different types of wheat flours. The effect of increasing the 
diastatic activity of two of the flours by 70 maltose units is shown. 

The curves shown in Figure 5 illustrate the marked effect of 
diastating in decreasing the paste viscosity. They also indicate 
distinct differences between the amyloclastic susceptibility of the soft 
flour and southwestern hard wheat flour. Anker and Geddes (1944) ’■ 
have carried out Amylograph studies with undiastated and diastated 
starches prepared from different classes of wheat. They found that 
the maximum paste viscosity for the undiastated starches differed 
materially and concluded that maximum paste viscosity cannot be 
interpreted as a direct index of amylase activity. The limited experi- 
ments reported here lend support to this view. 
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Summary 

Maximum, paste viscosity of rye meal suspensions, as measured by 
the Amylograph, can be employed to classify rye into groups which 
differ materially in baking value. The granulation of the meal and 
the pH of the suspension influence the viscosity values and must be 
controlled. With rye meals, the standard error of a single determina- 
tion of maximum paste viscosity was 18.8 Brabender units. The 
time required for the test may be shortened by employing a starting 
temperature of 40°C rather than the customary temperature of 25®C. 
Starting temperatures above 40^C give increased paste viscosity 
values. 

In addition to evaluating rye samples, the Amylograph is well 
adapted for investigations of the effect of inorganic salts on paste 
viscosity, for determining the effect of granulation and heat processing 
on the viscosity of soya products, and for viscosity studies on wheat 
flours. 


A NOTE ON THE PRESENCE OF FIBER IN THE “AMYLO- 
DEXTRIN’^ FRACTION OF WHEAT FLOUR 

Rosa Stern 

Wheat Research Institute, Christchurch, New Zealand 
(Received for publication January 3, 1944} 

In the course of experiments on starch manufacture, starch sus- 
pensions obtained by washing gluten from flour-water doughs were 
strained through silk 8XX. There remained on the silk a small quan- 
tity of a whitish sludge which obviously was not starch. Alicroscopic 
examination revealed that it consisted mainly of fragments of thin 
cell wails with considerable bran powder and some starch embedded 
in the mass. As this material showed a certain similarity to the 
*'amyIodextrin” fraction described by Sandstedt, Jolitz, and Blish 
(1939),^ the top layer of a centrifuged starch suspension was examined 
microscopically. It was found to consist of the same kind of cell wall 
fragments that made up the sludge, but it contained more starch, and 
for this reason the bran powder was more dilute. The starch granules 
embedded in this top layer were of much smaller average size than 
those found in the bottom layer. 

Owing to the removal of the sludge, the volume of the top layer 
decreased considerably when, the starch .suspension' waS' strained: 

■ Sandstedt,' R. M., Jolitz. C, E., .and" Blish, M. J. . Starch, in, rela.tio,n' to some baking properties' 
of flour. Cereal Chem. 16: 780"792,:'r939..' . 
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throng'll fine bolting silk previous to centrifuging. By repeated 
straining through bolting silk of increasing fineness, 5XX, 8XX, 
lOXX, practically all the cell wall fragments could be removed. On 
centrifuging the strained starch suspension, a top layer of much 
smaller volume than that of the original one was obtained, but now 
it consisted almost exclusively of small starch granules. Staining with 
0,2 solution of congo red greatly helped to distinguish the cell wall 
fragments on the slide. 

These findings suggested that the unidentified matter referred to 
by Sandstedt et al is cellulose. To verify this assumption, crude-fiber 
determinations were made on a flour and on the starch and “amylo- 
dextrin” layer obtained from it. The results, on a 12% moisture 
basis, were flour 0.34%, starch 0.19%, and amylodextrin 0.85%. As 
the flour yielded 58% starch and 18% amylodextrin, 0.11 g of the 
total fiber is present in the starch, and 0.15 g in the ‘‘amylodextrin” 
fraction. 

The observations and figures reported in this note show that the 
“amylodextrin” layer cannot be regarded as a distinct chemical 
fraction. Sandstedt ei al allowed for this possibility by using the 
term “amylodextrin” only tentatively. 


SOURCES OF ERROR IN THE DETERMINATION OF THE 
PROTEIN CONTENT OF BULK WHEAT 

F. C. Hildebrand and R. C. Koehn 

General Mills, Inc., Minneapolis, Minn. 

(Received for publication April 28, 1944: presented at the annual meeting, May 1944) 

From the time of sampling a car of wheat until the analysis is 
completed, there are numerous actual or potential sources of error 
which contribute to lack of agreement between protein determinations 
made on the same wheat by different laboratories. The present study 
was designed to afford an estimate of the relative importance of these 
several sources under normal working conditions. The factors studied 
were (1) heterogeneity of bulk wheat; (2) sampling error; (3) variation 
in cleaning procedure; (4) differences in grinding methods; and (S) 
analytical error. 

Experimentai 

Heterogeneity of Wheat Because individual wheat kernels from 
the same sample may differ widely in protein content as in other 
properties, it is impossible to take two identical subsamples of reason- 
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able size from a single bulk lot of grain, no .matter .how careful tlie 
blending and sampling may be. In an attempt to estimate the 
magnitude of this variation, 16 samples of clean wheat were thoroughly 
blended in a MacLellan mixer and divided into two equal portions by 
means of a Boerner sampler. One of the subsamples was ground in 
its entirety, blended, and analyzed in triplicate. The second sub- 
sample was divided into three equal portions and each portion was 
then ground and analyzed. The mean squares for the errors (within 
samples) of the two procedures were found to . be 0.0042 and 0.0103 
respectively. If it is assumed that grinding and blending the entire 
subsample produced a completely homogeneous material, then the 
value 0.0042 represents analytical variation alone, and the difference 
between the two mean squares (0.0103 — 0.0042), or 0.0061, is a 
measure of variability in clean, carefully blended wheat. This gives 
a standard error of 0.078% protein. In other words, if a series of 
samples were withdrawn from a bulk lot of clean wheat and were then 
analyzed with perfect accuracy, the results would still be scattered in 
such fashion that about one third of the values would vary from the 
mean by more than 0.078% protein. 

Sampling Error. In addition to the error resulting from variation 
in wheat, there may be some variation arising from differences in 
technique when two operators sample the same car or from the fact 
that bulk lots may not be thoroughly mixed. To estimate the im- 
portance of this source of error, 16 cars representing random com- 
mercial shipments were sampled by two operators, each using his 
customary procedure. The duplicate samples were then cleaned and 
analyzed in triplicate. 

x‘\s would be expected, the data revealed no systematic difference 
between operators. However, an appreciable random variation be- 
tween pairs of samples was found. When other sources of error were 
accounted for, it was found that the mean square for differences in 
sampling technique and heterogeneity of wheat amounted to 0.0417. 
Assuming that the value found for variation in wheat alone also applies 
in this case, the mean square for sampling amounts to 0.0417 — 0.0061, 
or 0.0356. The corresponding standard error is then 0.189% protein. 

Cleaning Procedure. All laboratories do not use the same kind of 
equipment for cleaning, wheat' samples' prior to analysis, and the' 
amount of small kernel wheat, .-weed seeds, and the like 'which is 
removed may have an appreciable- bearing on the final protein content." 
An experimental determination of' the. importance , of variation. ■ in 
cleaning techniques was made by carefully blending 16. iindean.ed 
wheat samples,, dividing them on a .Boerner sampler, 'and .'cleaning the 
subsamples, in each of two laboratories, by the- procedures'' customarily 
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employed. The cleaned samples 'were then ' reduced, ground, and 
anah^zed in the same laboratory. After the effect of other sources of 
'variation was removed by appropriate analysis, it was found that the 
standard error of a single determination for this source of variability 
was 0.182% protein. 

Grinding Methods, It was assumed that different laboratories do 
not employ identical procedures in the grinding of whole wheat 
samples prior to analysis. The differences in practice may well 
contribute to variability in results. To measure the magnitude of 
this source of error, eight clean wheat samples were carefully blended, 
subdivided by means of the Boerner divider, and sent to each of 10 
laboratories to be ground and analyzed. Information was available 
on the magnitude of analytical error among these laboratories. It 
was assumed that, after deducting variation between samples, the 
residual scattering was due to three sources, namely, heterogeneity of 
wheat, analytical error, and variations in grinding technique. Since 
the first two factors had been evaluated, the error arising from their 
operation was removed from the total, leaving a standard error for 
grinding of 0.165%. 

Analytical Error, All laboratories wall not agree exactly when 
determining the protein content of a completely homogeneous sample. 
Data were available for the interlaboratory variation of the 10 labora- 
tories mentioned in the preceding paragraph from collaborative 
analysis of eight well-blended flour samples. It has been assumed 
that these samples were entirely uniform and that any variation in 
results would be due to differences in analytical technique alone. The 
standard error of a single determination for this source of difference 
between laboratories was found to be 0.110% protein. This value 
agrees well with the estimate of interlaboratory error, 0.10%, found 
by Davis and Wise (1933) and for the intralaboratory variation, also 
0.10%, reported by Geddes and Milton (1939). 

Discussion 

The findings discussed above are summarized in Table 1. Of the 
five sources of error investigated, it is apparent that differences in 
sampling, cleaning, and grinding technique are the most important in 
contributing to variation in wheat protein results. The variation 
ascribed to heterogeneity of wheat of necessity represents the irre- 
ducible minimum of scatter which would be obtained if all other errors 
were eliminated. Of the four remaining sources of variation, cleaning 
technique and grinding procedures seem to offer the greatest oppor- 
tunity for improvement. The equipment can be better standardized 
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and procedures more carefuliy controlled. Sampling techniques are- 
fairly well established, and it seems probable that the variation found 
is due not so much to technique as to lack of uniformity in the bulk 
wheat. 

TABLE I 


Interlaboratory Errors in Wheat Protein Determinations 


Source of error 

Standard error of 
single determination 

HeteroReneitv of wneat 

% 

0.07S 

Sampling 

0.189 

Cleaning 

0.159 

Grinding- 

0.165 

Analysis 

0.110 

All sources combined 

0.307 


The various sources of error are not additive in the form of standard 
errors. However, they ma\^ legitimately be added as squares of these 
errors. When this is done and the square root of the sum extracted, 
the over-ail standard error is found to be 0.307%. Thus if a car of 
wheat is sampled by two individuals and the samples are cleaned, 
ground, and analyzed by a single determination in two laboratories, 
the results will differ by more than 0.31% about one third of the time. 
This agreement will not be substantially improved by carrying out 
duplicate determinations on the ground sample because the analytical 
error is a relatively small portion of the total. It can be estimated 
that the standard error will be reduced only to 0.297% protein. 

As with all evaluations of this kind, the results listed above have 
an element of uncertainty inasmuch as the study was carried out with 
a limited number of samples. The values obtained for error due to 
differences in grinding technique and to analytical variation are 
probably more generally reliable than are the other factors since they 
were calculated from data accumulated by 10 laboratories in contrast 
to the two laboratories involved in the measurement of sampling and 
cleaning errors. It is believed, however, that the estimates are 
reasonably accurate, for the over-all error agrees well with that found ' 
in actual practice. Data were available on the analysis of 158 cars of 
wheat by the two laboratories whose data were used to- evaluate-:,,, 
sampling, and -cleaning errors.' These laboratories were also, included 
in the - studies ,' -designed ■ to:' estimate ' the other errors. -, The over-ali ,' 
■variation,' for these' 158 pairs 'of determinations was, found to -give , '''a,;:,' 
-standard ' error -of ,0.2'9'%,,-,"a va-lue'in- good agreement avith the figure 
-',of ,0-.297,'%, caI-cuIa:ted irom the '.laboratory studies.. 
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Summary 

Interlaboratory variation in determining the protein content of 
bulk wheat is caused chiefly by differences between replicate samples. 
Differences in technique in preparing samples for analysis (cleaning 
and grinding) are somewhat less important causes, while analytical 
error is relatively small. Accordingly, little is gained in precision by 
carrying out replicated analyses of the same subsample of ground 
wheat. Improvement in results should rather be sought in better 
sampling and cleaning techniques and in a more uniform grinding 
procedure. 
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THE EFFECT OF TEMPERATURE DIFFERENCES ON SOME 
MIXO'GRAM PROPERTIES OF HARD RED SPRING 
WHEAT FLOURS' 

R. H. Harris, L. D. Sibbitt, and G. M. Scott 

North Dakota Agricultural Experiment Station, Fargo, N. D. 

(Received for publication January 21, 1944) 


The effects of temperature variations on the physical properties of 
dough have been described by a number of workers. Harrel (1927), 
when determining the stiffness or toughness of doughs with a gravi- 
metric penetrometer, observed that the viscosity decreased with in- 
creasing temperature. Skovholt and Bailey (1932) demonstrated an 
increase of mobility with temperature rise, the variations amounting to 
12 to 40 Farinograph units per degree G, depending on the stiffness 
■of' the doughs.' 

Bohn and Bailey (1936) observed the effect of raising the tempera- 
ture in reducing Farinograph and stress readings. The latter were 
reduced approximately one third. Halton and Scott Blair (1937) 

^ Published with the approval of the Director of the Station. 
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found the viscosity of doughs, as ascertained by the stress extensimeter, 
to fall about 10% for each degree C rise of temperature. Stamberg and 
Bailey (1940) pointed out the need for accurate temperature control 
when measuring dough plasticity with a plastometer, as small tempera- 
ture variations affected the rate of flow to a greater extent than any 
probable pressure differences. Moore and Herman (1942) studied the 
effect of temperature on three Farinograph properties. These were the 
initial phase, period of resistance, and a factor X calculated from these. 
As temperature increased, the initial phase, and X decreased, while 
the period of resistance lengthened. 

As increasing attention has been given in this laboratory to the 
estimation of certain properties of mixograms as supplementary criteria 
of baking quality, it was thought advisable to inquire into the influence 
of mixing temperature on these properties. 

Mixograms were made over a temperature range of 35°C with four 
hard red spring wheat flours adjusted to two protein levels. In addi- 
tion, the influence of temperature differences on curve pattern was 
compared with the effects produced by varying the absorption. 

Materials and Methods 

Four long-patent flours experimentally milled from hard red spring 
wheats of the 1942 crop were employed in the study. These wheats 
consisted of one sample each of Thatcher, Rival, Vesta, and No. 2822 
and were free from visible forms of damage. Comparative analytical 
data, for the four wheats and the resultant flours are shown in Table I. 

. TABLE I 

Comparative Analytical Data for the Four Hard Red Spring Wheats and 

Long-Patent Flours 


Variety^ 

Test 

weight 

Wheat 

protein® 

Flour 

yield 

Flour 

ash® 

Flour i 
protein® 

Absorp- i 
tion 

Loaf 

volume 


Iblbii 

% 

% 

% 

% 1 

% 

cc 

Thatcher 

62.3 

13.9 

71.4 

0.41 

12.9 

62.1 

665 

Vesta 

63.7 

13.9 

75.6 

0.45 

12.8 

61.8 

680 

No. 2822 

61.7 

14.9 

74.0 

0.44 

14.1 

62.8 

700 

Rival 

63.2 

„ 14.4 

70.6 

0.50 

13.2 

62.8 

735 


1 All samples graded 1 heavy dark northern spring. 

2 Expressed on 1.3.5% moisture basis. 


Characteristic mixograms of these varieties at the original flour pi'otein 
content are shown in Figure 1. Wheat No. 2822 is a new unnamed 
variety with a short dough development and dough stability time, but 
generally has high protein content and good loaf volume. Vesta, on 
the other hand, tends to have an exceptionally long dough develop- 
ment period and is relatively resistant to overmixing. Thatcher and 
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Rival are somewhat similar in their comparative mixing patterns and 
could be considered approximately average for hard red spring wheat 
varieties. 



THATCHER RIVAL VESTA 2822 

Fig, 1, Comparative rnixograms for flours representing the four varieties at the original protein level, 

using a temperature of 30®C. 


The four flours were each diluted to uniform protein levels of 10% 
and 12% with the same sample of experimental l^r prepared wheat 
starch. 

In studying the effect of temperature differences on curve pattern, 
niixograms were made with two formulas: one, a flour- water mix, and 
the other, flour with the ingredients of the malt-phosphate-bromate 
formula. Twenty-five g of flour was used throughout. A constant 
absorption, as determined when baking the samples, was employed for 
each flour. Mixograms were made at eight temperatures which cov- 
ered a range of 35® C. It was found convenient to make one determina- 
tion at the low level of 5®C as a room was available which is held at this 
temperature. The mixograph, with the cabinet completely opened 
Up, and accessory equipment was placed in the room for some time 
before the experiment was started, and the work was performed in it. 
The other temperatures were obtained by a combination of room and 
mixograph cabinet control. A Bahnson laboratory humidifier was in- 
stalled in the mixograph cabinet to maintain the relative humidity at 
approximately 75% throughout the experiment. Temperatures were 
checked throughout the experiment and care was taken to warm or cool 
mixograph bowls, flours, and solutions to the required point before 
mixing. 

To determine whether changes in flour absorption would have the 
same effect on curve pattern as differences in temperature, mixograms 
were made at 30®C for one flour, employing the baking formula at 
absorptions of 56, 62, and 68%. 

The particular mixogram properties selected for measurement were 
dough development stage, curve height, and curve width. Dough 
development stage and curve height have been described by Harris 
(1943) with methods of estimation. The first depends upon the hori- 
zontal distance from the commencement of mixing to the point cor- 
responding to the curve peak or point of optimum development, while 
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curve height is denoted by the length of the line drawn through the 
peak point to the edge of the chart paper. The width was estimated 
from the curve at the point corresponding to maximum height. 


Experimental Results 

Effect of Variations in Temperature on Aiixogram Pattern. The 
mixograms obtained with the four flours adjusted to a protein level of 




THATCHER RJVAt. VESTA 

Fig. 2, Effect of mixing temperatiire on the mixogram patterns for flours representing four hard 
red spring wheat A'arieties. 'The ffo'nrs. were: diluted with wheat starcli to a constant protein .level of 
12.0%. ' Mixograms were made .wi.th flour and. water only. 
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THATCHER RIVAL VESTA 2-822 


Fig. 3. Effect of mixing temperature on the mixogram patterns for flours representing four hard 
red spring wheat varieties. The flours were diluted with wheat starch to a constant protein level of 
12.0%. Mixograms were made with flour and the ingredients of the malt-phosphate-bromate baking 
formula. 

12% are reproduced in Figures 2 and 3. The mean values for dough 
development stage, curve height, and curve width for each temperature 
and each flour (variety) are shown in Table II, together with a variance 
analysis of the data. 

For all three curve properties except dough development stage for 
the baking-formula doughs, the values markedly decrease with an in- 
crease in the temperature at which the mixograms were made. The 
decrease is fairly consistent for curve height and width for both the 
formulas and is siibstantially greater for curve height. With the bak- 
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iiig-formula doughs, the initial decrease in dough development with an 
increase in temperature is followed by a sharp increase at temperatures 
above 30°C; this is due to the exceptionally long gradual rise in curve 
height to the peak. For all curve characteristics, a difference of 5°C 

TABLE II 


Mean Values of Some Mixogram Properties as Influenced by 
Temperature Differences and Wheat Variety 

Flours Adjusted to a Uniform Protein Content of 12.0% 


Temper- 

ature 

Dough development stage 

Curve height 

1 Curve width 

1 Flour- 

water 
mixes 

Bakingi 

formula 

mixes 

Flour- 

water 

mixes 

Bakingi 

formula 

mixes 

Flour- 

water 

mixes 

BakingJ 
formula 
j mixes 

oc 

cm 

cm 

cm 

cm 

cm 

1 cm 

40 

2.6 

13.0 

5.3 

5.6 

0.7 

\ 0.9 

35 

4.9 

11.1 

5.9 

6.5 

1.2 

^ 1.3 

32 

5.5 

8.9 

6.3 

7.4 

1.2 

1.6 

30 

6.0 

8.3 

6.7 

7.7 

1.0 

1.7 

28 

5.5 

8.5 

6.8 

8.0 

1.4 

1.8 

25 

5.6 

7.7 

7.6 

8.6 

1.8 

2.2 

20 

5.9 

8.7 

8.2 

9.2 

2.4 

2.0 

5 

7.2 

11.7 

10.2 

10.6 

3.3 

2.4 


wheat variety means 


1 

Vesta 

6.9 

13.3 

1 

, 7.0 ! 

7.7 

1.7 

1.8 

Rival i 

5.4 

10.4 

7.2 

8.2 

1.6 

1.9 

Thatcher 

■ 5.5 

9.5 

7.1 

7.9 

1.7 

1.7 ' 

No. 2822 j 

3.7 

5.8 

7.2 

7.9 

1.5 

1.6 


ANALYSIS of VARIANCE 


Source of variation 

Degrees 

of 

freedom 

Variances^ 

Dough 

develop- 

ment 

stage 

Curve 

height 

Curve 

width 

Temperatures 

7 

6.09**^ 

18.83** 

1 3.29** 

Varieties 

3 

77.51** 

0.29** 

0.15 

Mixes 

1 

301.46** 

10.16** 

0.17 

Interaction: 





Varieties X mixes 

' 3 

13.03** 

0.05 

0.11 

Temperatures X varieties 

21 

0.91 

0.09* i 

0.12* 

Temperatures X mixes 

7 

15.67** 

0.24** 

0.54** 

Temperatures X varieties 





X mixes 

21 

1.57 

0.04 

0.05 

Total 

63 





1 The baking formula consisted of the following ingredients in the specified percentages: high dia- 
static malt 0.3%; ammonium di-hydrogen phosphate 0.1 % ; potassium bromate 0.001%; sucrose 5.0%; 
sodium chloride 1.0%; yeast 3,0%. 

2 xhe interaction, temperatures X varieties X mixes, was used as. error. 

* Denotes significance exceeding 5%. point. 

Denotes significance exceeding 1% point. 





ences are largely obscured when the curves are made at temperatures 
which deviate markedly from the normal. Thus at 40°C the mobility 
of the dough is so great that very little resistance is offered to mixing 
and the curve is low and extremely narrow; whereas at 5°C the curve 
is high and very wide. These changes render it difficult to detect 
differences due to variety. It is apparent that varietal differences are 
more pronounced when the flours are mixed with the ingredients of the 
baking formula than when water alone is used. The variance analyses 






WATER BAKING FORMULA WATER BAKING FORMULA WATER BAKING FORMULA 

Fig. 5. Effect of flour protein content on mixogram patterns. A hard red spring wheat flour was diluted with wheat starcli to produce the three protein levels. 
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show that the effect of temperature on curve height and width is not 
uniform for the different varieties. The dough development stage, 
liowex^er, varies with temperature in essentially the same manner for all 
the varieties. Moreover, the precise effect of temperature differs, de^ 
pending upon whether the doughs are' mixed with water or with the 
ingredients of the baking formula. 

Mixographs for the four flours adjusted to the comparatively low 
protein level of 10% are shown in Figure 4 for temperatures of 20°, 25°, 
and 30°C. The fioiir-water curves made at 30°C are quite useless for 
differentiating between the varieties; for this purpose, those obtained 
at 20°C are probably the most valuable. With the baking- formula 
doughs, the authors prefer the mixograms secured at 25°C for varietal 
differentiation. 

In addition, as shown in F'igure 5, curves were made with both 
formulas, at temperatures of 5, 20, 25, 30, and 35°C, employing a hard 
red spring wheat flour adjusted to protein levels of 10, 11, and 12%. 
Mean values for the mixogram characteristics for each temperature and 
protein level are recorded in Table III, together with a variance analysis 
of the data. The principal additional point of interest in these studies 
is that the protein level had less effect on curve properties than the 
variations in temperature which were used. Curve height was the only 
mixogram characteristic significantly influenced by protein content. 
As protein content w^as decreased, the curve height became less. This 
is also evident from a comparison of the curves given in Figure 4 with 
those of Figures 2 and 3. Sw’-anson (1941) found that lowering the 
flour protein reduced curve height but did not affect the varietal pat- 
tern of hard red winter wheat flours. 

These data show the very marked influence of mixing temperature 
upon the mixogram pattern and emphasise the importance of close 
temperature control in mixogram studies. 

The Comparative Effects of Variations in Temperature and Absorp- 
tion on Mixogram Properties. Curves made at 30°C with a hard red 
vSpring wheat flour and the ingredients of the baking formula employing 
three absorptions are shown in Figure 6. The normal baking absorp- 
tion for this flour was 62%. The dough mixed at 68% absorption was 
very slack, while that mixed at 56% absorption was decidedly stiff. 
While an increase in absorption, like an increase in mixing temperature, 
decreased curve height and, to a lesser extent, curve width, the dough 
development stage was lengthened. The influence of a temperature 
change on curve pattern is therefore not the same as the effects pro- 
duced by varying the flour absorption. 
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TABLE III 

Mean Values of Some Mixogram Properties as Influenced by 
Temperature Differences and Protein Level 


Temper- 

ature 

Dough development stage 

Curve height 

Curve 

Midth 

Flour- 

water 

mixes 

Baking! 

formula 

mi.xes 

Flour- 

water 

mixes 

Baking' 

formula 

mixes 

Flour- 

water 

mixes 

Baking! 

formula 

mi.xes 

°C 

cm 

cm 

cm 

cm 

cm 

cm 

35 

6.3 

11,8 

5.8 

6.2 

0.9 

1.2 

30 

6.5 

9.5 

6.5 

7.3 

1.1 

1.5 

25 

5.6 

8.2 

7.6 

8.3 

1.8 

2.2 

20 

6.1 

9.2 

8.0 

8.9 

2.1 

2.4 

5 

8.1 

13.4 

9.7 

10.1 

3.0 

2.7 



effect ' 

OF PROTEIN 

LEVEL 



Protein 







level, % 







12 

6.0 

10.2 

7.8 

8.7 

1.8 

2.0 

11 

6,5 

10.5 

7.7 

8.1 

1.8 

2.1 

10 

7.2 

10.5 

7.0 

7.6 

' 1.7 

2.0 


ANALY^SIS OF VARIANCE 


Source of variation 

Degrees 

of 

freedom 

Dough 
; develop- 
1 ment 

1 stage 

V^ariances^ 

Curve 

height 

Curve 

width 

Temperatures 

4 

13.22** 

: 13.64** 

3,02** 

Protein levels 

2 

1.42 

; 2.57** 

0.03 

Mixes 

1 

113,29** 

3.14** 

! 

0.36 

Interaction: 





Temperatures X mixes 

4 

2.67* 

0.09 

0.11 

Protein levels X temperatures 

8 

1.45 

0.06 

0.15 

Protein levels X mixes 

2 

0.63 

0.15* 

0.02 

Protein levels X temperatures X mixes 

8 

0.69 i 

0.04 

0.13 

Total 1 

i 

29 

i 




1 See Table II footnote 1 for description of baking formula. 

^ The interaction, temperature X varieties X mixes, was used as error. 
* Denotes significance exceeding 5% point. 

Denotes significance exceeding 1 % point. 



68*0 62-0 , 56-0 

ABSORPTION % 


Fig. 6. Effect of absorption on curve pattern at a protein level of 12.0%. Mixograms were 
made at 30°C with the ingredients of the malt-phospliate-bromate baking formula. 
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Discussion 

The marked changes in curve pattern as the temperature is in- 
creased may be attributed to (1) a decrease in the viscosity of the inter- 
stitial water (free water); (2) a decrease in the amount of adsorbed 
(bound) water, and (3) a decrease in the intensity, or in the relative 
number of the forces of interaction functioning between the nonwater 
dough components, particularly the proteins. The relative importance 
of these factors cannot be separately evaluated. The fact that there is 
a differential reaction of the varieties to the effect of temperature on 
curve pattern indicates that the relative importance of the factors 
just enumerated varies with different flours. 

Summary 

The temperature at which mixogram patterns of hard red spring 
wheat flours are made has an exceedingly important effect upon curve 
properties. Curve height and width were decreased by increasing the 
temperature. Dough development period was also markedly reduced 
by increasing the temperature except in the case of curves made with 
baking formula doughs at temperatures above 30*^0. This appeared 
to be due chiefly to the low form of the mixograms. Varietal differ- 
ences were more pronounced when the flours /were mixed with the 
ingredients of the baking formula than when water alone was used. 

The precise effect of temperature on curve height and width was not 
uniform for flours representing different varieties. Dough develop- 
ment stage, however, varied with temperature in essentially the same 
manner for all varieties. The precise effect of temperature variations 
on mixograms differed for flour-water and baking formula doughs. 

Differences in protein content were less effective in changing mixo- 
gram properties than temperature variations. Curves resembling 
those of normal protein hard red spring wheat flours may be obtained 
from low protein flours by making the recordings at a lower mixing 
temperature. 

Variations in curve pattern obtained by changing the flour absorp- 
tion differed somewhat from those caused by a change in temperature. 
While an increase in absorption decreased curve height, and to a lesser 
extent curve width, the dough development stage was increased. 
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THE MEASUREMENT OF OVEN SPRING AS AN AID 
IN CONTROLLING FLOUR QUALITY 

E. C. Edelmann and W. H. Cathcart 

National Bakery Division, The Great Atlantic & Pacific 
Tea Company, New York, N. Y. 

(Received for publication May 20, 1944) 

The measuring of oven spring by a device similar to that described 
by Whitcomb (1938) ^ has proved helpful when used in conjunction 
with the baking test during the routine testing of bread flour. Since 
oven spring is indicative of gas production and gas retention in a 
dough, it is logical that it should serve some purpose in controlling 
flour quality. The present report shows. how this test has been used. 

The device used by Whitcomb (1938) ^ for measuring oven spring 
was refined by making it possible to read the scale to the nearest 
millimeter. The device is shown in Figure 1. Among the flour 
samples tested with the device were short patents, stuffed straights, 
and first clear flours milled from Kansas wheat and patents and first 
clears milled from spring wheat. All baking tests were made using 
the Bread Baking Test for Wheat Flours as outlined in Cereal Labora- 
tory Methods (4th ed., 1941), All doughs were proofed for the con- 

i Whitcomb. W, O., 1938. Oven spring of dough as correlated with certam properties of bread. 
Cereal Chem'. 15; 206-216.:'' 




Height of Gassing 

dough 1 power ^ 


Sample 


Control 

Control plus 0.2% malted wheat 
Control plus 0,3% malted wheat 
Control plus 0.4% malted wheat 
Control plus 0.5% malted w'heat 



92 

324 

flour 

100 

413 

flour 

101 

469 

flour 

103 

502 

flour 

103 

509 


1 Measured at end of proofing period. 

2 Gas pressure in mm Hg, as measured in the Sandstedt-Biish Pressuremeter during 5 hr fermenta- 
ftion-at 30°C. 

® The control was a non-diastated short patent flour milled from Kansas Wheat. The flour con- 
tained 12.0% protein and 0.40% ash, both expressed on a 13.5% moisture basis. 


Tile effect of increasing increments of malted wheat flour on a 
sample of wheat flour is shown in Table I. As malted wheat flour was 
added to the control flour, the height of the dough at the end of the 
proofing period increased. Also, the gassing power, as measured by 

TABLE I 

Effect of Increments of Malted Wheat Flour on Proofing 
Height and Gassing Po’wer of Doughs 


386 0VP:N spring M:EASURE in flour quality CONTROL' Vol. 21 

stant time of 55 min. The measuring of the oven spring was done as 
recommended by Whitcomb; however, readings were made to the 
nearest millimeter. 


Fig. 1 . Device for the measurement of oven spring. 
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the Sandstedt-Blish Pressii remeter (Cereal Laboratory Methods, 4th 
ed., 1941), increased as the malted wheat flour was increased. This 
indicates that the height of the dough at the end of the proofing period 
depends to a great extent on the gassing power of the flour. Thus, 
the measurement of the height at the end of the proofing period with 
the oven spring device gives an indication of the gassing power of the 
flour. This measurement is not as sensitive as that given by the 
Sandstedt-Blish Pressuremeter; however, a severe deficiency or excess 
of gassing power is indicated by the height of the dough at the end of 
the proofing period. 

In Table II, examples are given of two pairs of doughs, each pair 
having the same height at the end of the proofing period but differing 


TABLE II 

Relation of Oven Spring to Gas Retention Properties of Dough ^ 


No. 

Height after 
proofing 

Height after 
baking 

Oven 

spring 

Loaf 

volume 


mm 

mm 

mm 

cc 

1 

107 

131 

24 

650 

2 

107 

136 

29 

695 

3 

108 

140 

32 

695 

4 

108 

146 

38 

755 


1 All flours were short patents milled to the same specifications by different mills. 


in their oven spring values. In each pair, the same height before 
going into the oven indicates to a great extent equal gassing power, 
but the dough having the greater oven spring must have a gluten 
better able to retain the gas during baking. In this way, the oven 
spring device is useful in indicating the relative gas retention properties 
of flour samples milled to the same specifications. 

The data obtained from the device during routine test baking on 
the same type of flour serve at least two purposes : 

First, the height of the dough at the end of the proofing period and 
just before going into the oven is usually indicative of the gassing power 
of the sample. Although the device has not been found sensitive 
enough to detect small differences in diastatic activity between samples, 
it is of service in pointing out flour samples having abnormally high or 
low gassing power. It should be realized, however, that measurements 
of height of dough are dependent on the elasticity of the gluten as 
well as the gassing power. Thus, an estimate of gassing power given 
by the oven spring device is not a simple measurement of gas evolution. 

Second, the measurement of oven spring, which is the difference 
between the height of the dough before entering the oven and the 
height of the baked loaf, is of some value in judging the gas retention 
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properties of flour. As shown in Table O', the evaluation of gas 
retention |3roperties by the oven-spring device is relative. When 
samples of flour, milled to the same specifications, are of about the 
same height before going into the oven, their oven spring values may 
be compared. With the aid of the oven-spring measuring device, 
some information in relation to the gas-producing and gas-retaining 
properties of flour may be obtained during the course of routine test 
baking. 

The additional operations in using the device are few, and abnormal 
flour samples are quickly noted. 


REPORT OF THE 1943-44 METHODS OF ANALYSIS 
SUBCOMMITTEE ON THIAMINE ASSAY ^ 

John S. xVndrews, Chairman 

General Mills, Inc., Research Department, Minneapolis, Minnesota 
(Read at the annual meeting, May 1944) 

The recent!}^ completed collaborative study of thiamine assay 
methods has differed somewhat from those carried out previously. 
In the past, collaborators have assayed samples by specific procedures 
and the results have been examined to determine how well the different 
laboratories agreed. While in many instances the agreement has 
been quite good, there have been a number of discrepancies which 
could not be accounted for. This has suggested the desirability of 
collaboratively studying the separate steps of the assay methods. 
How critical are these steps, and which might be expected to give rise 
to errors? 

i\ canvass of 42 laboratories was made to obtain ideas about 
answering this question. The result was a long list of constructive 
suggestions covering nearly every phase of the thiochrome procedure. 
A few of the items were chosen for study. One relates to the efficiency 
of zeolite for removing interfering substances. Others consider factors 
relating to the conversion of thiamine to thiochrome; the effect of the 
amount of ferricyanide, the order of adding ferricyanide and alkali, 
the period of shaking, and the stability of the extracted thiochrome. 

The Collaborative Committee’s Methods 

A complete description of the recommended procedures, together 
with a detailed discussion of the reasons for their selection, is best 

^ Paper No. '59, 'Joarnal, Series, General Mills, Inc., ResearcH Department: 
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afforded in the two communications addressed to the collaborators. 
For this reason they are reproduced below. 

To THE Members of the A.A.C.C. Collaborative Committee 
ox THE ThIOCHROME MeTHOD 

Among the numerous questions raised by the collaborators about the thiochrome 
procedure are several relating to the quantitative aspects of the zeolite treatment of 
cereal extracts and the validity of the method employed for determining the value 
of the standard thiamine solutions used in calculating the vitamin content of the 
assay samples. Since considerable light can probably be thrown on both these 
problems by a series of recovery experiments, the following is being submitted for 
collaborative study. Two ampules of a standard thiamine solution containing 
0.5 mg per ml (kindly supplied by Dr. Arnold of Winthrop Chemical Company) 
and samples of enriched flour and bread are being furnished for this work. 

Experimental 

One-gram samples of the enriched flour are weighed into each of six 250 ml 
flasks and suspended in 50 ml of 2% acetic acid containing, respectively, 0, 1, 2,3,4, 
and 5 jzg of thiamine. To prepare these solutions, dilute 1 ml of the submitted 
standard to 500 ml with 2% acetic acid and in turn dilute 50 ml of this solution to 
250 ml with the same solvent. Dilute 5, 10, 15, 20, and 25-ml aliquots of this 
second solution to 50 ml with 2% acetic acid and use for the extractions listed above. 

Extract by heating on a steam bath for 15 min, taking precautions to prevent 
evaporation. Cool, add 5 ml of 1.5iV sodium hydroxide and 5 ml of freshly prepared 
6% takadiastase solution. Stopper the flasks and incubate at 37®C for 3 hr. Filter 
and pass 20 ml aliquots of the filtrates through zeolite in the manner you regularly 
employ. After washing and drying the zeolite, remove the thiamine with two 10-mI 
portions of hot 25% KCl in 2% acetic acid, collecting the first 15 ml. Mix thoroughly 
to insure homogeneity of this solution. 

Transfer 5-ml aliquots to glass-stoppered cylinders or reaction vessels and add 
rapidly one drop (approximately 0.05 ml) of 0.5% potassium ferricyanide solution, 
3 ml of 15% sodium hydroxide, and 14 ml of isobutanol, quickly mixing after each 
addition. Shake vigorously for about 1 min, centrifuge, and discard the aqueous 
layer. Dry the isobutanol layer with sodium sulfate, transfer the clear solution to 
the curvette, and measure the fluorescence in the regular manner. Due to the 
rather wide range of thiamine represented by these extracts, the fluorescence of the 
extract containing no added thiamine should not be too high. A reading of below 
30 galvanometer units should keep the fluorescence values of the other extracts on 
the galvanometer scale. After measuring the fluorescence values of the isobutahol 
solutions, determine the “blanks” in the usual manner. It will not be necessary to 
“run blanks” on all, since they should be identical. Two are sufficient unless 
discrepancies are noted. 

Repeat the same experiment, using the sample of bread- 

Notes 

It will be greatly appreciated if each collaborator will follow a standard form in 
reporting his results. This will greatly facilitate subsequent analyses of the data. 
The attached sample sheet will illustrate the form desired. On it is recorded a 
typical set of data. 

Under the column marked “Test,” A and B represent duplicate experiments. 
Where time permits it is hoped that each collaborator will repeat the assays, prefer- 
ably on different days, recording the results separately as indicated. 

The “FL — orig.” refers to the fluorescence values of the thiochrome solutions, 
and column “FL— -BL,” the “blank” values. Column III is simply the differences 
between the corresponding FL— orig. and FL— -BL values, and column IV the differ- 
ences between successive values in column III. These values (IV) represent the 
actual differences in fluorescence due to added F/zg increments of thiamine, and the 
averages shown at the bottom of the column are the mean values used to calculate 
the assays in the manner shown below. Column V shows the amount of fluorescence 
due to the thiamine in the sample alone after deducting that due to the added 
vitamin. The first value, 31, is of course that determined directly (column III). 
The next value, 31.8, is obtained by deducting 7.2, the average increase due to 1 Mg 
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A.A.C.C» Collaborative Study Recovery Experiment — Enriched Flour 


Sample 

Test 

FL— 

orig. 

Fl.— 

Bh 

III 

IV 

'V 

l-g sample 

A 

37 

6 

31 


31 


B ; 






Plus 1 /ig Bi 

A 

B 

45 

6 

39 

8 

31.8 

Plus 2 Mg Bi 

A 

52 

6 

46 

7 

31.6 

B 






Plus 3 Mg Bi 

A 

59 

6 

53 

7 

31.4 


B 






Pflis 4 Mg Bi. 

A 

65 

6 

59 

6 

30.2 


B 

1 





Pius 5 Mg Bi 

A 

B 

73 

t 

6 

67 

8 

31 

Averages 

A 

B 




7.2 

31.2 

Final assay value 

A 





4.33 Mg/g or 


B 





1.97 mg/lb 


of added Bi, from the corresponding value in column IIL The next value, 31.6, 
is found by deducting 7.2 X 2 (2 jug of added Bi) from 46 in column III, etc. 

The thiamine content of the sample is readily calculated from the averages in 
columns IV and V by dividing the latter by the former. Thus, 31.2 -f- 7.2 = 4.33 
jug/g, or 1.97 mg/lb. ^ 

it should be pointed out that this study is proposed not as a method for assay 
but as an experiment to evaluate steps in the present assay procedure. No one 
would want to run so many levels of vitamin in a single analysis. In the present 
instance, the live levels of added vitamin are suggested for two reasons: (1) to increase 
the accuracy of the results and, (2) to study the effectiveness of the method over a 
fairly wide range of vitamin concentrations. The w’ork can be simplified to some 
extent by decreasing the number of levels, and where the collaborator feels that this 
would expedite his work, it is suggested that the 2- and 4-jug levels of added Bi be 
omitted. This, with the omission of duplicates, should enable all the collaborators 
to make some contribution. It is hoped, however, that the full program can be 
carried out and thereby insure the maximum value from the study. 

^ In comparing the results from the flour and bread samples, it will be of consider- 
able interest to note the relationship between the column IV averages of these two 
samples. If they are essentially identical, it can be assumed that thiamine is recorded 
similarly m both types of products. If they differ materially, it will be necessarv 
to re-examme present procedures, at least as they pertain to the use of the assay 
standard.^ Your data will help materially to settle this question. 

„ Anticipating that there may be some significant difference betw^een the column 
Iv values for flour and bread, one other short study is proposed. This merely 
comprises omission of the sample and carrying out the assays on the several levels 
of pure thiamine alone. How do the column IV values thus obtained compare 
wnth those for bread and flour? If you can include such an experiment in your 
study, It may add much to the significance of the results. 

^ One more request. Just to bring your own methods into the picture, please 
include m your report an analysis of the two samples, using your own standard 
thiamine and your present technique. 

, : Ccappa-re your standard with the one prepared from the solution submitted for 
this collaborative study. 

In order to have time to assemble and analyze all the collaborators’ data and 
prepare a report for the forthcoming A.A.C.C. convention, your results should be 
possible. It will be greatly appreciated 'if this is done before 
March 15. Data received after April 1 will be too late for formal inclusion in the 
convention report. 

John S. Andrews, Chairman 

Vitamin, Assay Committee , ■ 
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To THE Members of the A.A.C.C. Collaborative Committee 
ON THE ThIOCHROME MeTHOD 

The replies received from the collaborators in response to the writer’s request 
for comments on phases of the thiochrome method believed to need further study 
indicated a widespread uncertainty about the present oxidation procedures. Nu- 
merous questions have been raised about such factors as (a) optimum strength of 
the ferricyanide solution, (b) preferred order of adding alkali and ferricyanide, 
(c) optimum oxidation time and conditions, (d) stability of the thiochrome solution, 
etc. Because of these queries, one phase of the collaborative study has been designed 
to examine the above factors. 

Two ampules of a standard thiamine solution containing 0.5 mg/ml (kindl^^ 
supplied by Dr. Arnold of Winthrop Chemical Co,), together with a sample each of 
enriched flour and enriched bread, are being submitted for this collaborative work. 

Experimental 

In order to supply sufBcient material for the oxidation studies, four 2-g samples 
of enriched flour (also enriched bread) are extracted with 50-nil portions of 2% 
acetic acid and the samples heated in a steam bath for 15 min, taking care to avoid 
evaporation losses. Five ml of i.5A^ sodium hydroxide and 5 mi of freshly prepared 
6% takadiastase solution are added to the cooled flask and the samples incubated 
for 3 hr at 37°C. After filtration, the four filtrates are combined and 20-ml aliquots 
are passed through 8 zeolite adsorption columns. The thiamine is removed from 
the zeolite with 25% potassium chloride in 2% acetic acid, 15 ml of solution being 
collected from each tube. These are then combined to give approximately 120 ml 
of solution for the oxidation studies. 

Effect of Amount of Ferricyanide. Prepare a 4% solution of ferric^^anide and 
dilute portions of this solution to give concentrations of 2%, 1%, and 0.5%, respec- 
tively. Place 5-ml aliquots of the combined zeolite- treated extracts in glass-stoppered 
cylinders or reaction vessels and oxidize, using one drop (approximately 0.05 ml) 
of these four different concentrations of ferricyanide solutions, adding the ferricyanide 
before the 3 ml of 15% sodium hydroxide. Add 14 ml of isobutanol in the regular 
manner, shake for one min, separate the two layers, dry the isobutanol layer with 
sodium sulfate, and determine the fluorescence. Report the fluorescence values for 
each of these oxidation experiments together with a blank value for the extract 
(both flour and bread samples) . 

Effect of Order of Adding Reagents. Following the above procedure, compare 
the fluorescence values obtained when the lowest (0.5%) and highest (4.0%) concen- 
trations of ferricyanide are added after the addition of the sodium hydroxide. Also 
compare these results with those obtained when both ferricyanide and sodium 
hydroxide are mixed together before adding to the extracts. The solution for this 
latter experiment can be conveniently prepared by adding 5 drops of the ferricyanide 
solution to 15 ml of the sodium hydroxide and employing 3-ml aliquots of this 
mixture for the oxidation. 

Effect of Time and Shaking. Using one drop of the 0.5% and the 4.0% ferri- 
cyanide solutions and adding the ferricyanide before the alkali, carry out one set of 
oxidations by merely inverting twice the oxidation mixture of extract, ferricyanide, 
alkali, and isobutanol. Allow to stand one min before separating the layers and 
determining fluorescence. Compare the results with those obtained above where 
one-min shaking was employed. Again using the lowest and highest concentrations 
of ferricyanide and the procedure in which ferricyanide is added before the alkali, 
compare the fluorescence values obtained when shaking is carried out hiIb, 2 min, 
and'4 min. ■ ^ 

Stability of the Thiochrome Solution. Using your regular procedure for oxidizing 
thiamine solutions, oxidize three 5-ml aliquots of the flour and bread extracts, 
preparing the isobutanol solutions of thiochrome ready for fluorescence measurements. 
Read the fluorescence of the first at once, and allow the other two to stand on the 
desk for 30 and 60 min, respectively, before determining the fluorescence values. 

Hotes 

Since the above experiments are designed to co mpare different types of oxidation 
treatments, your report needs only to record the fluorescence values of the isobutanol 
extracts. Don’t attempt to calculate back to thiamine content of the sample for 
this work. In order to correlate the different collaborators* data, it will be desirable 
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to record the fluorescence of a standard thiamine sohitiom For this purpose, please 
use the submitted thiamine standard, diluting 1 ml (0.5 mg thiamine) to 100 ml 
with 2% acetic acid, and in turn diluting 10 ml of the resulting solution to 250 ml 
with 25% potassium chloride in 2% acetic acid. Five-ml aliquots of this potassium 
chloride solution should be oxidized directly and the fluorescence values of the 
thiochrome solution and the blanks” reported. 

Please include in your report thiamine values for the samples of enriched flour 
and enriched bread, following your regular assay procedure. 

While the above program seems to present a rather large amount of work, it is 
hoped that each collaborator will complete it as far as possible. It would be best 
to carry out the complete study on the flour sample and, if time is then available, 
to do the same with the sample of enriched bread. Duplicate experiments would 
be very desirable but ma}'" be eliminated where tKe opportunity for doing this work 
is too limited. 

It will be greatly appreciated if your results can be reported by the middle of 
March. Since it will take considerable time to organize the collaborators’ data, 
reports received after the first of April wall be difficult to include in the final report 
presented at the A.A.C.C. annual convention. 

John S. Andrews, Chairman^ 

Vitamin Assay Committee 

Results and Discussion 

The data presented in Table I summarize the zeolite study carried 
out by examining the recovery of added thiamine. The first column 
shows the average fluorescence values due to the vitamin in the samples 


TABLE I 

Thiamine Recovery Experiments 



Fluorescence 


Sample 

Flour (blank 
deducted) 

1 fxglg added Bi 

j Blank 

Assay 

Enriched flour 
Enriched bread 

Pure thiamine 

Galv, units 
28.8 

22.2 

Galv, zmits 

6.17 

6.22 

6.10 

1 Galv, units 

j 6.3 

6.7 

6.0 

mg (lb 

! 2.11 1 

|, 1.63 


1 Calculated for enriched flour: 2.09 mg/lb. 


of enriched flour and bread.. The second column shows the corre- 
sponding values for 1-jug increments of added thiamine. It will be 
noted that these values for flour and bread are essent^ially identical. 
This indicates that, when passed through zeolite, both types of 
products have the same effect on the assay. 

In order to determine the magnitude of this effect, the collaborators 
were requested to carry out recovery experiments using pure thiamine 
alone. The last value in the second column shows the result, 6.10 
galvanometer units. This is slightly lower than those obtained from 
the flour and bread. Unfortunately, not all the collaborators reported 
results for the pure thiamine, and accordingly the value 6.10 is not 
strictly comparable with the others. If the comparison is confined 
only to those laboratories which carried out all three of the experiments, 
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the agreement is much closer. The values then become 6.10 for the 
flour, 6.08 for the bread, and 6.10 for the pure vitamin. The use of 
zeolite in the assay of thiamine does not appear to present any appreci- 
able source of error. 

The third column of the table shows the average blank values. 
It will be noted that they are approximately equivalent to 1 fxg of 
thiamine. There was, however, considerable variation between the 
individual collaborators. One laboratory reported extremely low 
values, while another obtained values which were correspondingly 
high. The high blank did not appear to have any adverse effect, 
however, since the assay result was almost identical with the average. 
The fact that the blank values for the flour and bread are somewhat 



THIAMINE - MILLIGRAMS PER POUND 

Fig. 1. Distribution of collaborators’ thiamine assays using added thiamine for the standard. 

higher -than those for the pure thiamine indicates that the removal of 
interfering substances by the zeolite is not entirely complete. The 
greatest difference is seen in the sample of bread. However, in terms 
of the total fluorescence, this difference is quite small. 

The last column shows the average assays for the two samples. 
The 2.11 mg/lb obtained for the flour very closely agrees with the 
calculated value, 2.09 (0.34 mg/lb native in the flour + 1.75 mg/lb of 
added thiamine). The value for bread is 23% lower. 

The distribution of the individual collaborator's values is shown in 
Figure 1. Four, or 50%, of the values for the flour ranged between 
2.0 and 2.2 mg/Ib, i.e., within ± 5%. Another collaborator was only 
slightly below this range (1.96 mg/lb). The lowest value was 1.82. 
mg/lb, and none of the data reveals the cause for this discrepancy. 
This collaborator obtained the same values for the added thiamine and 
the pure thiamine solution. 

At least one of the two high values, ranging from 2.3 to 2,4 mg/Ib, 
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can be attributed to an error in the standard. The submitted standard 
gave nearly 15% less fluorescence than this collaborator's U.S.P, 
thiamine. Use of the latter would have placed the assay within the 
± 5% range. The other high value cannot be explained from the 
data. The collaborator did point out, however, that the actual work 
was carried out by an inexperienced technician. 

The bread assays covered a somewhat greater range, 1,2 to 2.0 
mg/lb. The values are based on the air-dried product, containing 
9% to 10% moisture. 



Fig. 2. Distribution of collaborators’ thiamine assays using the regular thiochrome method, 


Once again, 50% of the collaborators agreed within d= 5%. They 
did not all, however, represent the same laboratories which agreed on 
the flour. This makes it difficult to draw definite conclusions. For 
example, the inexperienced technician obtained an assay almost 
identical with the average. On the other hand, the lowest value for 
the bread was reported by a collaborator who obtained a flour assay 
within 2% of the calculated value. He attributes his low assay to an 
inadequate enzyme digestion period at too low a temperature. Di- 
gestion at 50°C for a longer period increased his value 11%, but still 
* not enough to fall within the ± 5% range. The collaborator whose 
high assay of flour was attributed to discrepancies between standards 
was also high for the bread. The same correction would have brought 
his bread assay within the ± 5% range. 
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At the time the collaborators carried out the recovery experiments, 
they also assayed the samples by their regular procedures. In addi- 
tion, eight other collaborators assayed the same samples. The results 
are summarized in Figure 2. The averages are very similar to those 
obtained from the recovery studies, 2.04 and 1.59 mg/lb for the flour 
and bread, respectively. 

The highest value for the flour (2.38 mg/lb) came from another 
collaborator who reported discrepancies between the U.S.P, and 
submitted standards. In contrast to the previously mentioned dis- 
crepancy, the submitted standard was 10 to 15% higher than the 
U.S.P. preparation. This caused the assay by his regular procedure 
to be higher than that obtained from the recovery experiment. The 
fact that the latter was in excellent agreement with the calculated 
value suggests that the U.S.P. standard may have been in error, 
particularly since the same discrepancy was also obtained with the 
bread. 

In both instances of the discrepancies between standards there is 
no proof about the correctness of one or the other. All other collabo- 
rators reported good agreement between their own and the submitted 
solutions of pure thiamine. 

Another phase of the collaborative work involved a series of oxida- 
tion studies. Table II summarizes the effect of ferricyanide concen- 


TABLE II 

Effect of Concentration of Ferricyanide and Order of 
Adding Oxidizing Reagents 


Order of addition 

Fluorescence 

0.5% ferricyanide 4.0% ferricyanide 


Galv, uniis 

Galv. uniis 

Ferricyanide first 

53 

45 

Alkali first 

57 

52 

Mixed 

54 

51 


tration and the order of adding the ferricyanide and alkali. It will 
be noted that the highest fluorescence values were obtained when the 
alkali was added first and followed immediately?’ by the ferricyanide. 
This is in agreement with the observations reported by the English 
investigators, Wang and tlarris (1942).^ 

The lowest results were obtained when the order was reversed and 
the ferricyanide added first. The use of the mixed reagent gave 
intermediate results. 

In some laboratories these differences arising from the different 
order of adding the reagents were insignificant. In others they were 

'2 Wang, Y.' L., and 'Harris, X. J., Further .notes on' estimation of. vitamin B'l' by the thiochrome 
.method.' Chera. and Ind. '61:; 27-:28, '1'942, 
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quite marked. In only one instance did the addition of alkali first - 
give a lower value, and this existed only at the lower concentration of,, 
ferricyanide. The 4% solution yielded the highest fluorescence values 
under the same conditions. 

A preliminary study in the author’s laboratory indicates that this 
effect of the order of adding the reagents is related to the concentration 
of ferricyanide. When the amount of oxidizing agent is kept low 
(one drop of 0.5% solution), either order yields practically the same 
result, provided the second addition is made immediately after the 
first. As the amount increases, however, the favorable effect of 
adding the alkali first is revealed. Under these conditions the fluo- 
rescence decreases only slightly in contrast to the much greater change 
which results when the ferricyanide is added first. This perhaps 
accounts for the observations made by Wang and Harris, since their 
procedure uses a considerable excess of ferricyanide. 

TABLE III 

Effect of Concentration of Ferricyanide and Time of Shaking 


Fluorescence 


Shaking time 

0.5% ferricyanide 

4.0% ferricyanide 


Galv, units 

Galv. units 

Inverting 

38 

29 

niin 

54 

47 

2 min 

55 

47 

4 min 

55 

47 


When adding alkali first, care should be taken to follow with the 
ferricyanide promptly. Otherwise decomposition of the thiamine 
occurs, resulting in decreased fluorescence. This does not occur if 
the ferricyanide is added first. No change results, even when the 
addition of alkali is considerably delayed. 

It appears desirable to avoid an excess of ferricyanide, regardless 
of the order of adding the reagents. In the present collaborative 
study, the amount employed was only about one-fourth that recom- 
mended in Cereal Laboratory Methods (4th ed., 1941). In only one 
instance did this appear to be inadequate, and this failure was at- 
tributed to excessive quantities of iron in the zeolite. 

The effect of ferricyanide concentration and shaking time is 
summarized in Table HI. The majority of the collaborators reported 
maximum fluorescence values after one-half min of shaking. Rela- 
tively few required longer periods. It is interesting to note that, on 
the average, extended periods of shaking were without significant 
effect. 
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The final phase of the collaborative study considered the stability 
of the isobiitanol extracts of thiochrome. How promptly must the 
fluorescence of these solutions be determined? Six of the collaborators 
prepared three isobutanol extracts each of the flour and bread samples. 
One set was measured promptly after preparation and the others 
after standing on the laboratory bench for 30 and 60 min, respectively. 
Ail but one of the collaborators found no difference after 30 min, 
and in most instances good stability was observed during the entire 
60“ min period. 

Summary 

The thiochrome method as applied to the assay of thiamine in 
enriched flour and bread has been coliaboratively studied. The use 
of zeolite apparently presents no appreciable source of error, since 
thiamine undergoes the base exchange similarly, both in pure solution 
and in cereal extracts. Assays of enriched flour yielded an average 
value (2.11 mg/lb) in very close agreement with that calculated from 
the assay of the unenriched flour and the added amount of pure 
thiamine (2.09 mg/lb). The average value for the bread made from 
the enriched flour was 23% below the flour value, suggesting that 
baking losses approximated this percentage figure. The possibility 
that some assay errors can be attributed to faulty thiamine standards 
is discussed. 

The concentration of ferricyanide and the order of adding ferri- 
cyanide and alkali have some effect upon the assay. Particularly 
where a considerable excess of ferricyanide is employed, it is preferable 
to add the alkali first, followed immediately by the ferricyanide. 
One-half min shaking of the oxidation mixture resulted in the maxi- 
mum fluorescence in most instances. Additional shaking has no sig- 
nificant effect. Isobutanol extracts of thiochrome appear to be suffi- 
ciently stable to present no problem in the fluorescence measurement. 
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REPORT OF THE 1943-44 METHODS OF ANALYSIS 
SUBCOMMITTEE ON RIBOFLAVIN ASSAY 1 

John S. Andrews, Chairman 

General Mills, Inc., Research Department, Minneapolis, Minnesota 

(Read at the Annual Meeting, Alay ld44) 

' The first of the present series of collaborative studies on riboflavin 
assay methods was carried out two years ago (Andrews, 1943). The 
results showed that, despite considerable variations between the indi- 
vidiial assays, microbiological and fluorometric methods yielded com- 
parable values. 

The collaborative study was continued the following year (Andrews, 
1943a) with major emphasis on a fluorometric procedure. Once again 
wide variations were revealed, but there was evidence that under 
properly controlled conditions the method was capable of producing 
satisfactory results. 

One major source of error appeared to lie in the use of “Florisil.” 
While some laboratories found this adsorbent fairly efficient, others ex- 
perienced difficulties. This was attributed to a lack of uniformity in 
the Florisil, and the anal 3 ^st was cautioned to check its efficiency before 
using it for assay purposes. It was recommended that this be done by 
examining the recovery of riboflavin added to cereal extracts. 

The second collaborative study also considered the use of perman- 
ganate for destroying interfering pigments. It was suggested that 
permanganate treatment might be omitted in the assay of enriched 
flour. Bread, however, appeared to require this oxidation since the 
use of Florisil alone 'would not prevent excessively high results. 

The present collaborative study abandoned further attempts to 
examine complete assay procedures. Instead, its purpose was confined 
to an evaluation of permanganate and Florisil treatments when 
separately applied to the purification of cereal extracts. Recovery ex- 
periments involving enriched flour and bread were carried out by 13 
collaborators and three types of assays reported. One showed the 
effect of omitting all purification and illustrated the influence of 
interfering substances in patent flour and bread derived therefrom. 
The second showed the extent to which these interfering substances 
were removed by permanganate oxidation. The third presented a 
similar picture as reflected by adsorption on Florisil. In addition, six 
other collaborators presented assays carried out by microbiological 
methods. These results have been compared with those obtained 
' fluorometrically. , 

V A Paper No.' 60 , Journal Series, General Mills,- Inc.» Researcli Department. 

" 39S ' ■■■ 
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The Collaborative Committee's Methods 

A complete description of the recommended procedure, together 
with a detailed discussion of the reasons for its selection, is best afforded 
in the following communication addressed to the collaborators: 


To THE Members of the A.A.C.C. Collaborative Committee on 
Riboflavin Assay Methods 

A survey of the opinions of the collaborators on the subject of riboflavin assays 
reveals that the major problems in the assay procedures concern the use of permanga- 
nate and Florisii. Doubt is expressed about the resistance of riboflavin to perman- 
ganate oxidation and the quantitative aspects of the Florisii adsorption. In addition, 
more rapid methods are desired, together with the avoidance of pyridine. 

The best type of collaborative study appears to be one which will attempt to 
answer some of these problems and evaluate the role of the oxidation and adsorption 
steps. Accordingly, a series of experiments have been designed and tested in the 
writer’s laboratory. It is believed that their application in the present collaborative 
study will go far to develop a short, simple assay method. 

Two ampules of riboflavin (5.54 mg in each, generously supplied by Dr. Arnold of 
Winthrop Chemical Co.) together with samples of enriched flour and bread are 
submitted for this work. 


Experimental 

Direct Reading. Prepare the standard B 2 solution by dissolving contents of 
ampule (5.54 mg) in 554 g or ml of distilled water and dilute 10 ml of resulting solution 
to 100 ml (1 /xg/ml). 

Weigh into 125 ml Erlenmeyer flasks six 1 .5-g samples of enriched flour. Suspend 
uniformly in 50 ml of OAN H 2 SO 4 . Add the following amounts of standard 62 (1 
jug/ml) solution: 0, 2, 4, 6, 8, and 10 ml, respectively. 

Heat by autoclaving 15 min at 15 lb pressure, cool and adjust to pH = 4.3, using 
10% NaOAc solution (requires approximately 6.3 ml). Transfer to 100 ml volumetric 
flask and make up to 100 ml with distilled water. Mix thoroughly and filter, discard- 
ing first approximate 10 ml filtrate. (Filtrate should be clear!) Measure fluorescence 
of aliquots (10 ml for Coleman and 15 ml for Pfaltz and Bauer fluorometers). 

Prepare fresh, cold solution (in ice bath) of 5% hydrosulfite in 2% sodium 
bicarbonate and add 0.5 ml to each of above aliquots after the original fluorescence is 
determined. Mix quickly and determine fluorescence (blank). 

Repeat the experiment, recording the duplicate values under B . (See Notes.) 

Carry out the same study, using the sample of bread. 

KANiOi Treatment. Take 25-ml aliquots of filtrates, either from the previous 
experiment or prepared anew, and add 0.2 ml 4% KMn 04 . Mix and stand 1 min. 
Add 0.2 ml 3% H 2 O 2 . Transfer 10- or 15-ml aliquot to curvette, depending on 
whether Coleman or Pfaltz and Bauer instrument is used, measure fluorescence and 
record on separate sheet, using same form as before (Florig in column I). Add 0.5 ml 
hydrosulfite solution, mix, and again measure fluorescence (FIbi in column II). 

Florisii Treatment. Take 20-ml aliquots of the filtrates and pass through the 
Florisii column (see Report of Riboflavin Assay Committee, Cereal Chemistry 20: 614 , 
1943, for use of this Florisii adsorption procedure). After washing and drying, elute 
the riboflavin with pyridine acetic acid solution, collecting 20 ml of eluate. Mix 
thoroughly. 

Using 10- or IS-ml aliquots, measure fluorescence and record in column I, Add 
0.5 ml hydrosuifite solution, mix, and measure FIbi (Record in column II). 

Notes 

It will be greatly appreciated if the collaborator will follow a standard form in 
reporting his results. This will greatly facilitate subsequent analyses of the data. 
The attached sample sheet wiU illustrate the form desired. On it is recorded a 
typical'set of data., y: ' \ 
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Example of Report Sheet 


(Please follow this form carefully. This will greatly facilitate 
analysis of the collaborators’ data.) 


Sample 

\ 

i 

1 Test 

I 

1 

i Sample enriched flour) 

1 

I 

Florig 

II 

Flbl 

III 

Flcorr bl 

‘ IV 

Florig ““Flcorr bl 

Avg. 

VI 

Fh /ig 

VII 

Fig ample 

1. 1.5 g flour 

A 

14.4 

1.0 

1.1 

13.3 





B 

14.2 

1.0 

1.1 

13.1 

13.2 

— 

13.2 

2, Plus 2 ml B 2 std. 

A 

19.5 

1.0 

1.1 

18.4 





B 

20.7 

1.0 

1.1 

19.6 

19.0 

2.9 

13.0 

3. Plus 4 ml Bo std. 

A 

25.1 

1.0 

1.1 

24.0 





B 

26.2 i 

i.i 

1.2 

25.0 

24.5 

2.8 

12.5 

4. Pius 6 ml Bo std. 

A 

32.8 i 

1.0 

1.1 

31.7 





B 

33.1 1 

1.1 

1.2 

I 31.9 

31.8 

3.6 

13.8 

5. Plus 8 ml Bo std. 

A 

37.1 

1.0 

1.1 

36.0 





B 

39.5 

1.0| 

1.1 

38.4 

37.2 

2.7 

13.2 

6. Plus 10 ml Bo std. 

A 

44.3 

1.0! 

1.1 

43.2 





B 

45.0 

l.L 

1.2 

43.8 

j 43.5 

3.2 

13.5 

Average 





i 


3.0 

13.2 


Final assay value A 2.9 fxglg 
B 

Direct Reading, Under the column marked “ Test,” A and B represent duplicate 
experiments. The column Florig refers to the fluorescence values of the riboflavin 
extracts, and Flbi in column H, the values for the “ blanks.” Column III contains 
the corrected “blank” values. These are obtained by multiplying the “blank” 
readings in column 11 by a correction factor (1.05 if a 10-ml aliquot is used and 1.03 
if the aliquot is 15 ml) . These corrected “ blank ” values are then subtracted from the 
original fluorescence values in column I and the differences are recorded in column IV, 
The corrected values in column III should be calculated to the nearest tenth decimal 
place only, since greater accuracy is not justified in the average fluorometric reading. 

The average for the duplicate values in column IV is recorded in column V. In 
column VI, please record the fluorescence values for each l-/xg increment of added B 2 . 
Thus, in the attached table (column VI) the first recorded value, 2.9, is obtained by 
subtracting the 13.2 (column V) for the sample alone from that containing 2 jag of 
added Ba (19.0) and dividing by 2. The next value, 2.8, is the difference between the 
sample containing 2 jug of added Ba (19.0) and that to which 4 pg oi B 2 was added 
(24.5) divided by 2, etc. 

In column VII, record the fluorescence values for the sample alone after deducting 
the fluorescence due to added riboflavin. These values are best calculated from the 
averages of duplicate experiments in column V and the final average (3.0) in column 
VL The first value, 13.2, is, of course, the same as the corresponding value in 
column V’, since it represents the extract with no added riboflavin. The next value, 
13.0, is calculated by subtracting 6.0 (3.0, the average for 1 pg in column VI, multi- 
plied by 2 jug) from 19.0 (column V) ; the next value, 12,5, by subtracting 12 (3.0 X 4) 
from 24.5, etc. These values are then averaged, yielding, in the above example, 13.2, 
identical with the value obtained from the actual reading of the extract containing no 
added riboflavin (column V). It may happen, however, that these values are not 
identical, in 'which case the average of column VII should give the more accurate 
assay. ■ 

To calculate the assay value of the sample, use the final averages of columns VI 
and VI L Since the fluorescence of the sample is 13,2 and the fluorescence of 1 jug of 
pure riboflavin under the same conditions is 3.0, the sample contains 13.2 -r- 3.0 
— 4.4 jug. Since the sample weighed 1.5 g, it contains 2.9 jug/g. 

KMnO A Treatment, Two volume corrections are required here. The blank is 
corrected by multiplying by 1.05 or 1.03 as before and recording in column III. This 
corrected value is subtracted from Florig (column I) and the difference recorded in 
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column IV. Then, to correct for the added KMnOi and H 2 O 2 , the values in coiumn 
IV are multiplied by 1.016 and recorded in column IVa (not shown in example of 
report sheet). Actuall}^ these corrections are very small relative to the accuracy of 
the usual fluorometer reading. 

Data in columns V, VI, and VII are calculated the same as in previous experiment, 
using values in IVa rather than IV. Don’t carry calculated values beyond tenth 
decimal place. 

Florisil Treatment. Correct blank and record corrected values in column III. 
Subtract these values in column III from the corresponding values in column I and 
record the difference in column IV. Calculate values for V, VI, and VII as before. 

While it is expected that some of the collaborators will be unable to carry out the 
complete program, it is hoped that all who can will do so. Carefully done work from 
many laboratories will go far in guiding the final selection of an accurate assay pro- 
cedure. If, however, you feel that you can’t complete the study outlined above, do as 
much as you are able. 

Since a major purpose of the study is to determine the value of the IvMn 04 
and/or Florisil treatments, it wall be more desirable to carr^.^ out part of each of the 
three experiments rather than to do one of them completely, if you find that some 
abbreviation of the program is desirable. It is suggested that, in this event, you omit 
the 2", 6-, and lO-jitg increments of added riboflavin and even omit the duplicate 
determinations if necessary. 

Please assay the flour and bread samples by the method you are now using and 
report with the other results. 

In order to allow time to assemble and analyze all the collaborators’ data and 
prepare a report for the forthcoming A. A. C. C. convention, your results should be 
sent in as soon as possible. It will be greatly appreciated if this is done before 
March 15. Data received after April 1 wall be too late for formal inclusion in the 
convention report. 

John S. Andrews, Chairman 

Vitamin Assay Committee 

A summary of the data obtained from recovery experiments on 
enriched flour is presented in Table I. The figures shown are the 
averages obtained when several increments of riboflavin were added to 
the cereal sample. The first column compares the fluorescence values 

TABLE I 

Recovery Experiments — Riboflavin Added to Enriched Flour 


(Average values of 13 collaborators) 


Treatment 
of extract 

Fluorescence due 
to flour 

(blank deducted) 

Fluorescence due 
to 1 jug/g of 
added riboflavin 

Assay 

result 


Galv. units 

Galv. units 

m!i 

None 

9,13 

2.18 

2.78 

Permanganate 

9.18 

2.21 

2.75 

Florisil 

7.23 

1.57 

2.98 


Calculated riboflavin content of sample: 2.76 jug/g 


due to the sample alone. These were obtained by deducting the 
hydrosulfite blanks from the total fluorescence of the variously treated 
extracts. It will be noted that permanganate oxidation has no signifi- 
cant effect, since the values before and after this treatment are es- 
sentially the same. On the other hand, the value resulting from 
treatment with Florisil is significantly lower, suggesting that this 
adsorbent removes fluorescent material. Such a conclusion, however, 
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is hardly valid in view of a factor which prevents direct comparison 
with the preceding values. The fluorescence was determined on 
acidified pyridine extracts and under such conditions the fluorescence, 
at least of riboflavin, is depressed considerably. 

The second column shows the extent to which fluorescence was 
increased by l-zig increments of added riboflavin. Once again it will be 
noted that treatment with permanganate had no significant effect. 
This observation leads to two conclusions. First, that permanganate 
had little, if any, value for the purification of extracts of patent flour, 
and second, that this oxidation did not result in destruction of 
riboflavin. 

The value obtained after adsorption on Florisil is again low and is 
due not to any losses of riboflavin, but rather to the decreased fluores- 
cence in the pyridine solution. Preliminary studies carried out in the 
writer’s laboratory on pure riboflavin solutions indicated that this 
decrease amounted to about 25%. This would account for most of the 
differences noted in the tabulated values. 

The last column shows the average assay results obtained from the 
recovery experiment. There is practically no difference between those 
obtained with and without permanganate. In both instances the 
assays are in excellent agreement with the calculated value, 2.76 Mg/g- 
The result obtained by treatment with Florisil is too high. 

Figure 1 shows how the individual values were distributed. It is 
obvious that greatest uniformity resulted when no purification treat- 
ment was applied. With the exception of two collaborators, the re- 
ported assays were betu^een 2.6 and 2.9 Mg/g. Introduction of perman- 
ganate oxidation, while not significantly changing the average, ap- 
peared to present difficulties resulting in somewhat poorer agreement 
between laboratories. J\ more thorough examination of this treatment 
appears desirable. 

The results obtained by using Florisil w’-ere the most erratic. The 
values ranged between 2.2 and 3.6 Mg/g- It is unfortunate that a uni- 
form supply of the adsorbent was not made available to all the collabo- 
rators. Had this been done, it might have been possible to determine 
the source of these discrepancies. At present it is not known whether 
the difficulty was due to the Florisil or to faulty technique in its applica- 
tion. There is increasing evidence that the former was at least partly 
;,at'fault. ' 

Perhaps the most significant result of these recovery experiments 
with enriched flour is the suggestion that relatively simple assay 
methods can be employed. Extraction with dilute acid, filtration, and 
measurement of the fluorescence appear to be all that is required. 

' ' Blanks’' can readily be determined with hydrosulfite and reference 
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standards established with pure riboflavin. Whether the riboflavin can 
be used directly or should be added to the flour is not definitely known. 
However, this can be readily determined by a few comparison ex- 
periments. 



Fig. 1. Distribution of collaborators' riboflavin assays of enriched flour in which the flour extracts 
were subjected to different treatments. 

A summary of the collaborative study on enriched bread is shown 
in Table IL These data demonstrate that bread presented a more 
complex problem than flour. The fluorescence values due to the bread 
alone indicate that permanganate treatment was beneficial. The 
decreased fluorescence resulting from this oxidation can be attributed 
to the removal of interfering impurities. This result is reflected in the 
values obtained for the l^/xg increments of added riboflavin. The 
treatment resulted in an increase over that obtained direetly on the 
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TABLE n 

Recovery ■ Experiments—Riboflavin Added to Enriched Bread 


(Average values of 13 collaborators) 


Treatment 
of extract 

Fluorescence due 
to bread 

(blank deducted) 

Fluorescence due 
to 1 Mg/g of 
added riboflavin 

Assay 

result 


Galv. units 

Galv. units 

lig/g 

None 

12.49 

2.07 

4.08 

Permanganate 

10.87 

2.17 

3.42 

Florisil 

9.34 

1.53 

4.08 


Calculated riboflavin content of sample: 3.16 


extract and brought the value into excellent agreement with the 2.18 
obtained on the sample of flour. The final assay results were also 
affected. The use of permanganate lowered the average assay more 



3.0 3.2 3.4 3.6 3.® 4.0 4^ 4.4 4 j 6 4.8 3.0 3.2 3.4 5.6 3.8 

RIBOFLAVIN— MICROGRAMS PER ORAM 

Fig. 2. Distribution of collaborators’ riboflavin assays of enriched bread in which the bread extracts 
were subjected to different treatments. 
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2.5 2.T 2.9 3,1 2,7 2.9 3.1 3.3 

RiBOFLAVtN - NiCROORAMS PER GRAM 

Fig. 3. Distribution of collaborators’ riboflavin assays of flour and bread as determined by the 
fluorometric and microbiological procedures. The mean values are as follows: 

Riboflavin content 

Fluorometric Microbiological 

figk fig/g 

Flour 2,78 2.74 

Bread 3.14 2.96 

than 16% and brought it into much better agreement with the calcu- 
lated value, 3.16 /xg/g. This calculated value was based on the value 
for flour plus 0.42 /xg/g added by the yeast. It is expressed on an air- 
dry basis (9.5% moisture). 

As in the instance of the flour, the use of Florisil was of questionable 
value. .The assay obtained by treatment with this adsorbent was 
excessively high and the same as that obtained directly on the extract. 
If should be remembered, however, that this experiment differed from 
the complete assay procedure. Florisil was used alone and not in con- 
junction with the permanganate- It can only be concluded that 
Florisil when used alone is not particularly effective. 

The distribution of the individual collaborator’s values is indicated 
in Figure 2. The results obtained by omitting purification treatment 

quite uniform if the high values obtained by two collaborators are 
not considered- They range from 3.7 to 4.1 /xg/g, or practically within 
At 5%. Treatment with permanganate significantly lowered the as- 
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says, but contributed nothing to better uniformity. ' About half the 
collaborators were in close agreement with the calculated value, but the 
remainder tended to be too high. The results from the treatment with 
Florisil are too erratic to carry any significant meaning. Only two 
collaborators closely approached the calculated value. The others 
were widely scattered on the high side. 

In addition to the recovery experiments, 16 collaborators reported 
fluorometric and microbiological assays carried out by their regular 
procedures. The results are summarized in Figure 3. They are, in 
general, quite satisfactory, as can be seen by the averages for the several 
assays. 

For the flour, the fluorometric method yielded 2.78 /xg/g. The aver- 
age obtained microbiologically was 2.74 pg/g- These values compare 
very favorably with the calculated 2.76 ixgjg. The fluorometric value 
for the bread, 3.14, 'was equally in good agreement with that calculated 
from the bread ingredients, 3.16 /xg/g’ The value obtained micro- 
biologically was about 6% lower (2.96 /xg/g). The distribution of the 
individual values is shown graphically and represents a decided im- 
provement over the results obtained from previous collaborative 
studies. 

Summary 

The effect of permanganate and Florisil as employed separately in 
the fluorometric analysis of enriched flour and bread has been collabo- 
ratively studied. In the instance of enriched flour it appears that 
neither of these two purification treatments offers any value. Direct 
reading of flour extracts gave just as satisfactory a result as when either 
permanganate or Florisil were employed. Direct assay of the col- 
laborative sample of enriched flour yielded a value of 2.78 jug/g, in ex- 
cellent agreement with the calculated value, 2.76. When the extracts 
were absorbed on Florisil and eluted on pyridine a somewhat higher 
value was obtained, indicating the inadequacies of the Florisil. 

In the instance of enriched bread the use of permanganate aids con- 
siderably in removing interfering impurities. This treatment was not 
entirely effective, however, since the average value obtained was 
J.42 jxg/g, as compared to the calculated value, 3.16. Treatment of the 
extract with Florisil had no effect on the final results, the same value 
being obtained as when the extracts were read directly. 

Values reported by the collaborators employing their regular pro- 
cedures W’^ere in general quite satisfactory. Both fluorometric and 
microbiological methods were represented and, particularly in the 
instance of flour, yielded values vrhich closely agreed with the calculated 
values. Fluorometric assays of enriched bread were somewhat higher 
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than those obtained microbioiogicaily and were in closer agreement 
with the value calculated from the bread ingredients. ' ' ^ 
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REPORT OF THE 1943-^4 COMMITTEE ON TESTING 
BISCUIT AND CRACKER FLOURS 

Frank R. Schwain, Chairman 

Kroger Grocery and Baking Co., Columbus, Ohio 
(Read at the Annual Meeting, May 1944) 

There is a definite need for a reliable, sensitive cooky-baking test 
to supplement analytical data, particularly the viscosity test, in 
evaluating cooky flours for specific baking applications. For the last 
three years the committee has been developing a test-bake formula 
for cooky flours which would differentiate such flours satisfactorily. 
As an outgrowth of these studies it became apparent that spread 
potential ties may vary with the white wheat varieties from different 
localities (Hanson, 1943). There were also indications that granula- 
tion in itself can change the spreading properties of a given flour 
(Loving, 1942; Hanson, 1943a). If this phenomenon could be mani- 
fested in practice, granulation might well be added to cooky flour 
specifications. 

This year, then, the committee decided to attempt to translate the 
predictions of its cooky test into actual performances in bakeries. In 
addition it planned to determine if possible the practical differences in 
performance of flours from different areas or of various granulations. 
In order to accomplish this most efficiently, the work was so allocated 
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as to place specific tasks with those individuals whose everyday duties 
were closeh?' allied to similar assignments. , Flour preparations and 
complete analyses were in the main referred to mill-chemist members. 
Cooky baking tests and subsequent flour classifications were assigned to 
three different testing laboratories. Shop performances were allotted 
to those committeemen actively connected with four different cooky 
bakeries. It was felt that the findings then should command the 
interest of a larger portion of our membership. 

Because of the acute shortage of Michigan wheat this year, the 
original plan to utilize most of the white wheat varieties, which had 
been considered by previous committees, had to be abandoned, and 
Pacific Coast wheat flours of three different granulations were studied. 
xAnalytical data for the flours, which were all unbleached and of 100% 
extraction, are given in Table I. Flours A and B came from the 


TABLE I 

Analyses of Test Flours 


Flouri 

Ash 

(15% mb) 

Protein 
ClS7o mb) 

Apparent viscosity 

Maltose^ 

(Approxi- 

mate) 

No-time 

1 hr digestion 

2 g protein 


% 

% 

°MacM 

°MacM 

°MacM 


A 

0.40 

7.65 

35 

48 

66 

221 

B 

0.37 

7.85 

39 

56 

74 

209 

C 

0.41 

7.70 

36 

53 

i 74 

203 . 


I ® wheat mix differing only in grinding and bolting operations in milling. 

Maltose reported irom Pressuremeter results (Conversion factor 1.7). 


same wheat mix, but by means of changes in grinding and bolting 
operations, a difference in granulation was secured. Flour C was 
supplied by another mill. The flours are quite similar in composition. 
With granulation given the prime consideration, however, this factor 
was determined by two methods. The first method was that followed 
by the last two committees and consisted of measuring the “ throughs” 
of a Ro-Tap testing sieve shaker fitted with a 250-niesh wire screen. 
The second method was another Ro-Tap test in which the main 
fractions were separated by a Ro-Tap clothed with five silks of different 
mesh. The results are given in Table 1 1. 

There is less difference in granulation in the test flours this year 
than formerly. Previous committees have worked with Michigan 
flours which differed as much as 11% in the 'Throughs'' of a 2S0-mesh 
wire. Coast wheat flours have usually been the coarsest of all. This 
time the simplified method showed a differential of only about 6% 
between the coarse-ground and fine-ground products. The relatively 
narrow spread in granulation between flours A and B was attributed 
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TABLE n 

Ro-Tap Granulation Studies of Test Flours 


Flour 

Wire screen 
study- 
through 
250-mesh^ 

Silk sieve classification 

Over 

11 XX 

Over 

12 XX 

Over 

13 XX 

Over 

14 XX 

Over 

15 XX 

Through 

15 XX'-i 


% 

% 

% 

% 

% 

% 

% 

A 

‘ 86 i 

3.9 

22.1 

32.4 

27.2 

11.8 

2.6 

B 

91 ! 

3,1 

20,0 

27.2 

25.1 

18.3 

- 6.3 

C 

85 

3.6 

19.0 

23.8 

28.5 ! 

i 

21.4 

3,7 


1 250-mesh ^ 25 XX = 0.0024" opening. 

2 15 XX silk = 170-mesh = 0.0037" opening. 


by the mill to the quality of the Pacific Coast crop which required 
less tempering water to secure the flour desired, with the result that 
the middlings pulverized more readily than expected. The more 
comprehensive study employing silks would place flour C intermediate 
in granulation between A and B. 

xAgain, the same laboratory procedure and test-bake formula 
described by Hanson (1943) were followed. The W/T or spread 
factors secured by the three collaborating laboratories are shown in 
Table HI. 

TABLE III 


Laboratory Spread Factors (W/T) of Flour Series. 


Flour 

I 

Collaborator 

II 

III 

A 

8.5 

8.2 

6.8 

B 

8.3 

8.1 

6.8 

C 

9.1 

9.1 

7.3 


Without exception, flour C exhibited the best spread, with both A 
and B close behind. Although the coarser flour (xA) appeared slightly 
better than the finer-ground, the advantage was not nearly so marked 
as in last year’s Michigan flours, for example, when there was a greater 
difference in granulation. 

Regular shop tests were also made in four different bakeries, 
utilizing formulas in current use and under normal operating condi- 
tions. These tests comprise Band and Reel oven performances. 
Three distinct types of products were made by the bakeries — ^wire cut 
cookies, rotary goods, and cutting pieces. Observations on spreading 
properties were determined 30 min out of the ovens. Table IV shows 
the results secpred. 

In the case of wire cut cookies, flour C performed the best in all 
four shops. Neither A nor B worked as well, both rating about the 
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TABLE IV 


Shop Spread Factors (W/T) of Flour Series 


Flour 


Collaborator 


IV 1 

V 

VI I 

1 

j vri 


(Band oven) | 

(Reel oven) 

(Reel oven) 

1 (Reel oven) 


WIRE CUT COOKIES 


A 

3.2 

7.8' 

5.51 

7.0 

3.6 

4.1 

B 

3.2 

8.01 

5.71 

7.2 1 

3.8 

4.0 

C 

3.5 

8.2 

5.9 

7.9 1 

4.5 

4.4 


ROTARY GOODS 


A 

7.5 

5.9 ; 

i 

8.4=^ 

(Band oven) 

7.8 10.1 

B 

7.5 

5.8 

7.62 

8.0 10.2 

C 

7.4 

6.1 

7.42 

8.3 10.2 







CUTTING PIECES 


A 

6.9 

10.4 


(Band oven) 

8.22 

B i 

6.5 

10.4 i 


7.82 

■ C 1 

6.7 

10.8 


8.32 


1 This collaborator added 2.S lb sugar per 100 lb flour to flours A and B — wire cut only. 

2 Formula used "lean"; all others “medium." 

Note — Where collaborator tried several kinds of wire cut or rotary cookies the results are listed 
side by side. 


same. This is in fairly good agreement with the laboratory findings. 
Collaborator V deliberately incorporated 2.5 lb additional sugar per 
100 lb of flour for both A and B wire cut doughs, but did not secure 
as good a spread in either case as that shown by the flour C dough 
without additional sugar. 

Rotary goods, however, appeared less discriminative as to flour 
type. 


TABLE V 

Checking Studies of Flour Series 


Flour 

Number of checked cookies in 100 after 24 hr 

Collaborator V 

Collaborator VII 

Lot 1 

Lot 2 

Lot 3 

A 

17 

33 1 

24 

22'T'"' 

'B, 

29 

26 ! 

19 

' ' 67 '- 

' C" '■ , 

12 

1 

17 

' "61,- 
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Cutting pieces, on the other hand, favored flour C in two out of 
three shops with an indication of poorer performance on the part of' 
the finer-ground flour (B), This compares favorably with laboratory 
predictions. 

Checking or evidence of cracking was also considered. Each 
bakery was asked to determine the number of cookies per hundred, 
which showed signs of checking 24 hr out of the oven. Two shops . 
experienced no checking. The observations made by the other two^ 
plants on their more brittle types of goods are summarized in Table V. 

In these frangible pieces, far less checking was observed from flour 
C than from either A or B. This bears reinvestigation. The evidence 
presented is too limited to draw any accurate conclusions, though 
milling practices may have some bearing. 

Conclusions and Recommendations 

It would appear, from the data presented thus far, that the current 
laboratory test formula devised by earlier committees has application 
where flours intended for ware cut or sheeter cooky production are 
concerned. However, for rotar}^ goods, the test appears to have less 
value and the results should be viewed with some hesitancy in evalu- 
ating flours for this purpose. This is logical in view of the larger 
amount of water usually required for sheeter and wire cut goods which 
compares more favorably with the water content of the laboratory 
test formula. 

There are also indications with wire cut goods and sheeter cookies 
that milling technique may be a factor in explaining differences in 
performance in spite of similar wheat types and analyses. The 
phenomenon of checking should not be overlooked from the same 
standpoint. 

Coarse-ground flour may exhibit better spreading characteristics 
than the same flour finely ground, if there is a more significant differ- 
ence in granulation than that experienced here. Further experi- 
mentation should answer this point. 

The committee suggests that the present laboratory test formula 
appears to be adaptable for differentiating flours intended for wire cut 
and sheeter production. For rotary purposes, a new formula may 
have to be developed which requires far less water; for example, 6 or 
7%. Perhaps the answer lies in some sort of laboratory-size die for 
cutting out the cookies under pressure. This would more nearly 
approximate practical conditions. 

The committee recommends additional studies of the importance 
of granulation in relation to the quality of cooky flours. The two 
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methods of measuring granulation employed here should be further 
investigated to determine which has the greater practical significance. 

Correlating laboratory results with shop tests is not only desirable 
but necessary. 

Flours from the white wheats of such areas as New York^ Michigan, 
and the Pacific Coast certainly bear further consideration to determine 
whether the differences noted in previous laboratory tests are mani- 
fested from crop to crop and are actually demonstrable in commercial 
production. 
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REPORT OF THE 1943-44 METHODS OF ANALYSIS 
SUBCOMMITTEE ON THE DETERMINATION OF 
IRON IN CEREAL PRODUCTS 

M. Howe, Chairman 

Russell-Miiler Milling Company, Research Laboratory, Minneapolis, Minnesota 
(Read at the Annual Meeting, May 1944) 

The lack of agreement in the determination of iron has long been 
apparent from previous collaborative studies. This could be due, 
among other things, to the preparation of the ash for the determination 
of iron or to the contamination of iron from dishes and tongs. There 
is the possibility of nonuniformity of mixing of the enriched flour, but 
in this report the variation on the unenriched flour was as great as on 
the enriched. Iron can easily become a source of contamination, but 
this would not account for the very low results so often encountered. 
Such results could be explained by the presence of pyrophosphate in 
the ash, since the presence of pyrophosphate affects the color develop- 
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ment and must be converted to orthophosphate. Iron contamination 
from dishes used for ashing can be a serious problem; therefore^ plati- 
num or glass dishes are the most suitable. The dishes should be cleaned 
by dipping them successively in two or three boiling hydrochloric acid 
solutions, and cleaning should be continued until a blank determina- 
tion carried out on the dish alone gives a negligible coloration. Large 
blanks on platinum dishes have been found if they were previously 
used for fat determinations, and just one boiling with hydrochloric acid 
will not remove all the contaminating iron present. Glass or platinum 
tongs should be used to handle the crucibles. 



O 5 ro 15 20 25 30 35 40 45 

TIME- MINUTES 

Fig. 1. Influence of time of digestion of ash from whole wheat flour with boiling hydrochloric acid 
solution (1 : 1) on the apparent iron content of the flour. 

Preparatory to sending out the samples for collaborative work, a 
study was made of the heating period necessary to convert the pyro- 
phosphate to the orthophosphate in the ash of whole wheat flour. The 
result of this study is shown in Figure 1. The time of heating was 
varied from 3 min to 40 min. The minimum time of heating required 
to secure the maximum iron value was found to be IS min; however, 
30 min was specified in the method sent to the collaborators to insure 
a reasonable safety factor. 

Figure 2 shows a spectral transmission curve for the a,a^-dipyridyl 
complex. This was obtained with a Beckman Spectrophotometer. 
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The ' maximum absorption band was found to be at 520 m/i. The 
collaborators, therefore, were instructed to use an appropriate filter 
for this range. 

In a continuation of the work of the 1942-43 Subcommittee on 
Methods of Analysis of Iron (Howe, 1943), the Committee undertook 



a study of the preparation of cereal products by various methods 
including hydrochloric acid treatment of the ash, sodium carbonate 
fusion, and wet digestion preparatory to the determination of iron by 
the a,a'“dipyridyl method. This study was made to ascertain the 
validity of dry ashing of cereal products and to compare the numerous 
methods now employed in various laboratories as routine determina- 
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tions with the a^a'-dipyridyl method. The samples sent to the coI» 
laborators comprised (1) an unenriched flour; (2) the same flour en- 
riched with 10 mg of iron as ferrum reductum; (3) a bread made from 
the enriched flour; (4) a whole wheat flour; and, (5) a bread made from 
the whole wheat flour. 

The samples were prepared with a great deal of care, and the flour 
enriched with ferrum reductum was thoroughly mixed ; in spite of this 
fact, several collaborators stated that the sample was not uniform. 
The whole wheat flour was passed over a magnet to remove any small 
pieces of metal which might have been present from the milling rolls, 
as several laboratories have reported finding such small pieces of metal 
in previous samples of whole wheat flour. The bread was baked, using 
an average formula, air dried, and ground in a mortar. 

The three methods of preparation were as follows: (1) The dry 
ashing was accomplished by ashing the products at SSO-dOO^C over- 
night, taking the ash up in 2 ml of HCI, heating for 30 min, filtering, 
and making up to 100 ml; (2) for the sodium carbonate fusion, the 
samples were ashed in the usual manner, then mixed with 0.5 g of 
purified sodium carbonate, and fused. The melt was taken up in 5 
ml of 1 : 1 HCI, heated for 30 min, filtered, and made up to volume. 
(3) The wet ashing procedure was that of Jackson (1938). This 
method is time-consuming and was not employed with the intention 
of using it as a routine method, but because the Committee wanted to 
compare the results of dry versus wet, ashing. In our laboratory, a 
loss of iron upon dry ashing of cereal products has never been observed, 
and this fact has been .substantiated by other collaborators (Andrews 
and Felt, 1941). The collaborators were also requested to send in the 
results as determined by the method used routinely in their own 
laboratories; these included the use of ortho-phenanthroline, potas- 
sium thiocyanate, and numerous variations of the o:,oi'-dipyridyl 
method. The summarized results are given in Tables I-VL 

The following conclusions are evident: 

Wet ashing did not consistently give higher results than dry ashing. 

There was no particular advantage in the sodium carbonate fusion. 

Individual laboratory methods did not give any closer agreement 
than the method suggested by the Committee. 

The use of the Qfja'-dipyridyl method with dry ashing is as satis^ 
factory a method as is now available for the determination of iron in 
cereal products. More practice and improvement in technique should 
bring better agreement between laboratories. 
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TABLE I 

Iron Content of Unenriched Flour 
Iron content as Fe in mg/lb (“as is” moisture basis— 12.6%) 


Collaborator 

number 

Hydrochloric 
acid treatment 

Sodium car- 
bonate fusion 

Wet 

digestion 

Individual lab- 
oratory method 

1 

4.0 

4.3 

4.0 

— 

2 

3.6 

3.6 

— 

— 

3 

2.8 

3.1 

— 

4.1 

4 

— 

— 

— 

5.0 

6 

3.9 

3.9 

5.7 

3.9 

7 

4.0 

4.1 

4.2 

— 

8 

4.3 

4.4 

4.4 

4.3 

10 

3.6 

3.8 

3.6 

4.2 

11 

4.0 

4.0 

___ 

4.1 

12 

3.9 

3.5 

— 

— 

13 

3.3 1 

4.2 

— 1 

— 

14 

4.4 

i 5.1 

— 

— 

15 

3.8 

i 3.5 

bo 

— 

16 

— 

! 

— 

' 4.4 

17 ! 

— 

1 ■ — 

— 

3.8 

Maximum 

4.4 

5.1 

5.7 

5.0 

' Minimum 

2.8 

3.1 

3.6 

3.8 

Mean 

3.8 

1 

4.3 

4.2 

Standard 

deviation 

0.434 

0.523 

0.749 

0.369 


TABLE II 

Iron Content of Flour Enriched with 10 mg/lb of Iron as 
Ferrum Reductum 

Iron content as Fe in mg/lb (“as is” moisture basis — 12.6%) 


Collaborator 

number 

Hydrochloric 
acid treatment 

Sodium car- 
bonate fusion 

Wet 

digestion 

Individual lab- 
oratory method 

1 

17.2 

17.6 

18.6 

— 

2 

12.7 

12.3 

— 

— 

3 

10.0 j 

12.0 


13.3 

4 


— 

— 

16.S 

6 

13.6 

14.2 

16.8 

13.2 

7 

12.4 

12.0 

12.1 


8 

15.8 

16.8 

13.5 

13.9 

10 

12.8 

13.8 

13.3 

13.9 

It 

12.3 

12.4 

— 

12.3 

12 , 

13.0 

13,6 



13 

10.2 

14.8 

— , 


14 ■ 

13.8 

16.2 

__ 


15 ■ 

14.6 

15.0 

14.8 

— 

16 

— 

— , 

— 

18.1 

' 17 

— 


— 

13.9 

Maximum 

17.2 

17.6 

18.6 

18.1 

, ; 'Minimum ' 

10.0 

12.0 

12.1 

12.3 

':Mean 

■'13,2 ■ 

1 14,2 

14.8 

14.4'' 

Standard 

2.05 

1 1.92 

; . 2'.43 


deviation 


[ , 
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TABLE in 

Iron Content of Bread Baked from Enriched Flour 
Iron content as Fe in mg/Ib (“as is” moisture basis — 10.6%) 


Collaborator 

number 

Hydrochloric 
acid treatment 

Sodium car- 
bonate fusion 

Wet 

digestion 

Individual lab- 
oratory method 

1 

17.2 

16.7 

18.5 



2 

14.5 

14.3 

— 

— 

3 

12.4 

12.6 

_ 

16.5 

4 

— 

— 

— 

16.7 

6 

16.2 

16.3 

16.2 

16.3 

7 

16.5 

15.4 

16.4 

— 

8 

15.6 

16.0 

15.1 

15.2 

10 

16.2 

16.3 

15.6 

15.3 

11 

11.8 

14.1 

— 

15.0 

12 

16.3 

16.3 

— 

— 

13 

13.8 

15.2 

— 

— 

14 

17.8 

18.5 

— 

— 

15 

15.8 

15.7 

15.9 

— 

16 

— 

— 

— 

20.6 

17 

— 

— ' 

— 

14.9 

Maximum 

17.8 

18.5 

18.5 

20.6 

Minimum 

11.8 

12.6 

15.1 

14.9 

Mean 

15.3 

15.6 

16.3 

16.3 

Standard 

deviation 

1.85 

1.49 

1.18 

1.87 


TABLE IV 

Iron Content of Whole Wheat Flour 
Iron content as Fe in mg/lb (“as is” moisture basis — 12.6%) 


Collaborator 

number 

Hydrochloric 
acid treatment 

Sodium car- 
bonate fusion 

Wet 

digestion 

Individual lab- 
oratory method 

1 

18.9 

18.1 

18.4 

— - 

2 

16.1 

14.8 

— 

— ' 

3 

14.0 

13.3 

— 

17.2 

4 

— 

— 

— 

18.5 

6 

16.3 

16.3 

: T4.3 

16.7 

7 

16.4 

16.0 

18.1 

.. — 

8 

17.0 

17,5 

16.6 

i 16.3 

10 

18.6 

16.7 

18.0 

16.0 

11 

1 14.5 

18.2 


1 19.1 

12 

1 ■ . 18.5 

17.0 

— 

1 — 

13 

16.3 

14.1 

, — 


14 

19.0 

18.6 

— 

! ^ 

15 

17.6 i 

17.5 

17.0 

, 

16 

— 


— 

' . 22.7 ■ 

17 

— 1 


— 

16.9 

Maximum 

19.0 

18.6 i 

'■ 18.4, 7 

■ 22 j' 

Minimum 

14.0 

13.3 

14.3 

u.o 

' Mean 

16.9 

16.5 

17.1 

" , 17.9 

Standard 

/ 1.65' 

1.69 

■ . ' 4.52',' ■' 

y. 2.20 V; 7 

' deviation ' 



' 
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TABLE V 

Iron Content of Bread Baked from Whole Wheat Flour 
Iron content as Fe in mg/lb (“as is” moisture basis — 12.8%) 


Collaborator 

number 

Hydrochloric 
acid treatment 

Sodium car- 
bonate fusion 

Wet 

digestion 

Individual lab- 
oratory method 

1 

17.2 

18.1 

17.8 

— 

2 

18.8 

19.4 

— 

— 

3 

14.6 

15.2 

— 

19.5 

4 



— 


19.9 

6 

20.7 

19.9 

18.2 

20.7 

7 

20.2 

20.9 

20.5 

— 

8 

, 19.6 

19.1 

18.9 

19.8 

10 

* 20.9 

20.7 

21.7 

18.9 

11 

18.6 

20.4 

— 

20.9 

12 

20.1 

20.4 



— 

13 

18.4 

19.7 

i 

— 

14 

21.4 

23.8 

— 

— 

15 

20.4 

20.0 

19.4 

— 

16 1 

— 

— 

— 

25.1 

17 j 

1 

— - 

— 

— 

17.9 

1 

Maximum ■ 

21.4 

23.8 

21.7 

25.1 

Minimum 

14.6 

15.2 

17.8 

17.9 

Mean i 

19.2 

19.6 

19.4 ! 

20.3 

Standard | 

deviation 

1.90 

1.99 

1.47 

2.15 


TABLE VI 

Average Reslxts of the Collaborators Who Employed all 
Three Methods 

Iron content as Fe in mg/lb (“as is” moisture basis) 



Hydrochloric 

Sodium 



acid 

carbonate 

Wet 

Sample 

treatment 

fusion 

digestion 


(1) 

Patent flour 

3.9 

4.0 

4.4 

(2) 

Enriched patent flour 

14.4 

14,9 

14.9 

(3) 

Bread made from enriched patent flour 

16.3 

16.1 

16.3 

(4) 

Whole wheat flour 

17.4 

17.0 

17.1 

(5) 

Bread made from whole wheat flour 

19.8 

19.8 

19.4 
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REPORT OF 1943-44 COMMITTEE ON SELF-RISING 
AND PHOSPHATED FLOURS 


Elizabeth McKim, Chairman 

Monsanto Chemical Company, St. Louis„ Mo. 

The formula as given in the Biscuit Test for Self-rising Flour 
(Cereal Laboratory Methods, 4th ed., 1941, p. 122) is based on soft 
wheat flour and the work of this year's committee was the adaptation 
of this test to hard wheat flour. 

Hard wheat flours differ from soft wheat flours in that they require 
more water to make a soft dough and do not give as tender a biscuit. 
The problem then was to determine the proper absorption to use and 
whether the amount of shortening should be increased. The flours 
chosen for this test were a soft wheat flour and a hard wheat flour, 
both of family grade, the soft wheat flour to be used as the standard. 
These were about 80% patents and analyzed as follows: 

Soft wheat flour Hard wheat flour 

Moisture 15.0% 15.0% 

Ash 0.36% 0.46% 

Protein 8.1% 10.0% 

pH 5.1 6.0 

The flours were plain, and each collaborator was asked to make 
them into self-rising flour, using either of the following formulas: 


Monocaldum phosphate 
Hydrated Anhydrous 

i g 


Flour (15% moisture basis) 

227.7 

227.70 

Sodium bicarbonate 

3.4 

2.85 

Phosphate 

4.3 

3.42 

Flour salt 

4.6 

4.69 


Biscuits were baked from the self-rising soft wheat flour, following 
the formula and procedure given in the aforementioned Biscuit Test 
for Self-rising Flour. These biscuits were used as the reference against 
which the other biscuits were scored. 

The hard wheat self-rising flours were baked using 12.5, IS.O, and 
17,5% shortening (basis self-rising flour at 15% moisture). As the 
shortening is increased, it is necessary to decrease somewhat the 
amount of water used. Preliminary bakings showed that for each 
2.5% increase in shortening the absorption should be decreased 1%. 
This agrees with the data of Schwain and Loving.^ These preliminary 
bakings also indicated that the absorption of this hard wheat seif- 
rising flour (15% moisture and 12.5% shortening) was 66.6%. Several 
of the collaborators found this to be about 1% too high. 

^iSchwam,F. R., and novirig,H.J.. 1944. The shortener tolerance of biscuit and self-rising flours. 
Cereal Chem.Zt: 27-32. ; 
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Six members of the committee collaborated on the bakings and the 
average scores are shown in Table I. The variations in the individual 
scores were so great that the averages shown in the table mean very 
little. However, from the conclusions reached by each member, 
definite recommendations can be made. Four of the collaborators 


TABLE I 

Effect of Increasing Fat in Biscuit Formula Using 
Hard Winter Wheat Flour ^ 


Factor 

Perfect 

score 

Scores of biscuits made by six collaborators 

12.5% fat 

. 

15% fat 

17.5% fat 

Average 

Range 

Average 

Range 

Average 

Range 

Grain 

io 

8.4 

7-10 

9.0 

7.7-10 

9.1 

8 . 0-10 

Tenderness 

10 

8.3 

7.7~9.0 

9.1 

8,7-9.4 

9.5 

9.0-9.7 

Flavor 

20 

19.0 

18.0-20.0 

19.3 

18.5-20.0 

18,8 

17.0-20.0 

Color 

20 

17.4 

15.0-19.1 

17.8 

15.7-19.5 

17.5 

16.0-19.3 

Volume 

40 

40.6 

38.0-43,3 

39.8 

39.0-41.4 

38.6 

34.0-43.1 

Total 

100 

93.8 

90.2-96.2 

95.0 

91.4-98.8 

93.4 

89-97.8 

pH 


7.08 

6.71-7.28 

7.08 

6,71-7.27 

7.15 

6.71-7.27 


LCereal Laboratory Methods, 4th ed., 1941. 

Four of the collaborators preferred the biscuits made with 15% shortening, while 
two preferred those made with 17.5% shortening. 


thought that 15% shortening gave optimum results, while the other 
two thought that 17.5% fat could be used. Two of the four who got 
the best results with 15% fat got definitely poorer biscuits when the 
amount was increased to 17,5%. Absorption values checked fairly 
Avell, varying from 62.5% to 65.6% where 15% shortening was used 
and the self-rising flour moisture was 15%. 

On the basis of these conclusions the committee recommends the 
following formula for the Biscuit Test for Self-rising Flour made with 
hard winter wheat flour : 


Ingredients 

Grams 

Percentage based 
on flour 

Percentage 

composition 

Flour, hard winter self-rising 
„ ■ (15% moisture basis) ' ' 

240 

100 

55.6 

Shortening, hydrogenated (25°C) 

36 

15.0 

8.4 

Water, distilled 

155 

64.6 

36.0 

' .Totals '4 

431 


100.0 
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NUTRIENT CONTENT OF ALCOHOL FERMENTATION 
BY-PRODUCTS FROM VARIOUS GRAINS 


J. C. Bauernfeind,! M. B. Smith, J. C. Garey, Werner 
Baumgarten, F. H. Gustoff, and Leonard Stone 

Hiram Walker & Sons, Inc., Peoria, Illinois 

(Received for publication June 5, 1944) 

The nutrient content of alcohol fermentation by-products from 
yellow corn grain mixtures as produced under commercial conditions 
has been determined recently by Bauernfeind, Garey, Baumgarten, 
Stone, and Boruff (1944). These corn grain mash bills (formulae) are 
favored for the production of whiskey or alcohol, and the recovery of 
by-products from them has been in process for many years. During 
the past year certain sections of the country have experienced an ap- 
parent corn shortage, and the distilling industry has been forced to use 
other grains such as wheat, granular wheat flour, and rye. The use of 
these other grains has raised some questions as to the composition and 
nutritive value of by-products produced from them. It is the purpose 
of this paper to present data on the nutrient content of these by- 
products prepared with pilot plant equipment. 

Experimental Fermentations 

A weighed quantity of corn, wheat, granular wheat flour, or rye was 
cooked in pilot plant equipment at maximum temperatures of 155°, 
212°, 280°, and 312°F (68.3°, 100.0°, 137.8°, and 155.6°C) respectively. 
The amounts of water used per bushel of grain were as follows : 20 gal 
for corn cooked at any of the specified temperatures, and for wheat 
and granular wheat flour cooked at 155°F (68.3°C); 13.8 gal for wheat 
and granular wheat flour cooked at each of the specified temperatures 
above 155°F and for rye cooked at 280°F (137. 8°C) ; and 22 gals for rye 
cooked at 155°F (68.3°C). After cooking and cooling to malting tem- 
perature, 140-146°F (60.0~63.3°C), barley malt was added for the 
purpose of conversion. The mash bills for this report were (1) wheat 
92%, barley malt 8%; (2) granular wheat flour 92%, barley malt 8% ; 
(3) rye 90.9% and barley malt 9.1%; (4) yellow corn 90.9%, barley 
malt 9.1%. After conversion, the mashes were cooled and inoculated 
with 3% by volume of yeast from the regular plant yeast and set at 
40 gal of mash per bushel of air-dry grain. The fermentations were 
incubated at 9G°F usually for 72 hr. The alcohol yield in proof-gal per 

^Present address: Hoffma.n-L-aRoche, Inc.* Nutley, New Jersey. 

. 42:1 
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56-lb bushel of moisture-free 'grain was 5 .2-5.5 for wheat, 5.6-6.0 for 
corn, 4J“5.1 for rye, and 6.3-6.5 for granular wheat flour. 

Pilot Plant By-Product Recovery Equipment 

A pilot plant recovery system of a suitable size was planned and 
put into operation to process the stillage from experimental 5-gal 
fermentations. The system involved the following equipment: 

1. Metal screen with a drainage pan, constructed at a 15° angle, 36 inches long, 
8 inches wide, with screen openings 1 mm in diameter on 0.075-inch centers. 

2. Batch vacuum evaporators, 5- and 12-gal capacity, steam-heated. 

3. Atmospheric double-drum dryer, maximum steam pressure 160 lb per sq inch; 
surface area of each drum 1 sq. ft. 

4. Drying rack with vertical adjustment holding several infra-red drying bulbs. 

By-Product Recovery 

The recovery procedure in the pilot plant operations was the same 
in all cases. A weighed quantity of beer (approximately 4 gal) was 
distilled under vacuum for one hr at a vapor temperature of i45-lSS°F 
(62.8~68.3®C) to remove the alcohol. Steam was then passed into the 
beer to bring it to a temperature range of 208-212‘^F (97.8-100.0°C). 
The hot stillage was adjusted to the weight of the original beer by 
adding water and was immediately screened. The rate of flow over 
the screen was controlled by use of a hand-operated wooden baffle. 
The grains (screenings) were manually pressed on the screen to remove 
most of the absorbed liquid. The weighed screen effluent was con- 
centrated at 160-1 65®F (71.1-73.9°C) to a syrup of approximately 20% 
total solids. The syrup was converted to dried solubles on the drum 
dryer operating at 140-150 lb steam pressure, with a drum clearance 
of 0.015 inches and with a drum rotation rate of 2.75 rpm. As judged 
by appearance and odor, a satisfactory product was produced from all 
fermentations. The pressed distillers’ grains were dried under infra- 
red lamps- 

Corn stillage screened most easily, while granular wheat flour stil- 
lage screened very slowly. The other two were intermediate, with 
wheat stillage showing slightly greater screening ease than rye. The 
moisture-free total by-product yield per 56-lb bushel of air-dried grain 
was 18.5-20 lb for wheat, 16-17.5 lb for corn, 20-21.5 lb for rye, and 
15-15*5 1b for granular wheat flour. The amounts of distillers’ solubles 
and distillers’ grains were about equal for wheat; the grains slightly 
exceeded the solubles for corn; the solubles slightly exceeded the grains 
for rye; and for granular wheat flour, the amount of solubles more than 
doubled the amount of distillers’ grains. Definitions for the distiliers’ 
by-products have been given by the Association of American Feed 
Control Officials (1944). 
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In order to ascertain whether the pilot plant screening and pressure 
procedure would yield a product comparable to that obtained in com- 
mercial operations, samples of whole stillage were taken from plant 
operations and screened in the pilot plant equipment. These grains 
(screenings) are compared with the regular commercial products in 
Table 1. The data show the pressed distillers’ grains from the two 
operations to be quite comparable. 


TABLE I 

Analyses of Pressed Distillers’ Grains Prepared during Pilot 
Plant and Commercial Operations ^ 


Trial 

Process 

Solids 

content 

Proximate composition (dry-matter basis) 

Protein 

Fat 

Fiber 

Ash 



% 

% 

% 

% 

i % 

1 

Pilot plant 

23.9 

31.1 

9.2 

12.9 

2.1 


Commercial 

26.2 

31.4 

10.1 

13.8 

1.9 

2 

Pilot plant 

24.3 

32.5 

8.8 

13.2 

1 

2.2 


Commercial 

26.7 

31.0 

9.6 

14.2 

2.3 

3 

Pilot plant 

25.5 

30.9 

11.4 

13.0 

2.1 


Commercial 

26.7 

31.0 

11.3 

13.1 

2.0 

4 ! 

Pilot plant 

24.7 

31.5 

11.9 

14.1 

2.3 


Commercial 

27.4 

30.8 

9.6 

15.3 

1.9 


i The mash bill employed in the above study contained the following grains: 

Corn —28.13% 

Wheat —48.58% 

Granular wheat flour — 10.56% 

Barley malt — 9.93% 

Rye —2.80% 

Methods of Analysis 

Moisture-free samples were obtained by drying at 105°C to con- 
stant weight. All protein data in the paper are nitrogen values multi- 
plied by 6.25 . Thiamine was determined by the thiochrome method of 
Hennessy (1941). Riboflavin was assayed by the method of Snell and 
Strong (1939). Samples were extracted with 0.1 A" HCl in an auto- 
clave for 15 min at 15 lb pressure. Samples for the pantothenate 
assay were extracted with water at a pH of 6.5-6. 8 for IS min after 
which the microbiological method of Pennington, Snell, and Williams 
(1940) was followed. Crystalline d-calcium pantothenate served as 
the reference standard. Care was taken in both these assays to avoid 
the growth stimulants described by Bauernfeind, Sotier, and Boruff 
(1942). The Snell and Wright (1941) method for nicotinic acid was 
employed and the samples were extracted with 0.1 A NaOH for IS min 
in' an autoclave. ■ : 
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Experimental Results and Discussion 

The proximate feed analyses and mineral composition of the by- 
products are presented in Tables II and III, respectively. As the 
cooking temperature of the grains was increased, a greater percentage 
of protein was found in the distillers’ grains (screenings). Heat has 

TABLE II 

Chemical Composition of Alcohol Fermentation 
By-products from Various Grains 


Fermentation by-product 

Cooking 
temperature ^ 

[ Proximate composition 

1 (dry-matter basis) 

! Protein 

Fat 

Ash 

Fiber 


°C 


: % 

% 

% 

% 

Wheat distillers’ dried solubles 

68.3 

155 

46.5 

0.5 

8.8 

2.2 


100.0 

212 

39.0 

0.8 

10.1 

2.5 


137.8 

280 

37.0 

0.9 

10.0 

2.4 


155.6 

312 

35.8 

0.6 

10.1 

2.3 

Wheat distillers’ dried grains 

68,3 

155 

27.2 

5.5 

2.3 

14.7 

100.0 

212 

37.9 

4.7 

2.8 

12.0 


: 137.8 

280 

39.5 

4.3 

2.5 

13.1 


155.6 

312 

42.6 


2.1 

13.9 

Corn distillers’ dried solubles 

100.0 

212 

21.7 

5.2 

9.7 

2.9 


137.8 

280 i 

28.5 

6.6 

9.5 

3.8 


155.6 

312 1 

24.7 

— 

9.3 

3.1 

Corn distillers’ dried grains 

100.0 

212 

30.5 

8.3 

1.9 

12.1 

137.8 

280 

32.3 

10.3 

2.0 

12.8 


155.6 

312 

33.9 

11.4 

1.8 

13.2 

Rye distillers’ dried solubles 

68.3 

155 

40.4 

0,7 

8.0 

2.6 

137.8 

280 

36.4 ; 

0.7 

8.5 

2.8 

Rye distillers’ dried grains I 

68.3 

155 

24.0 

6.3 

2.2 

13.0 

137.8 

280 

28.9 

6.8 

2.3 

13.4 

Granular wheat flour distillers’ 

68.3 

155 

46.0 

1.1 : 

5.3 

2.2 

A dried solubles 

137.8 

280 

42.8 

1.3 

4.9 

2.9 

Granular wheat flour distillers’ 

68.3 

155 

27.0 

4.5 

2.6 

15.7, 

dried grains ■ 

137.8 

1 

280 

44.0, 

3.2 

2.4 

11.2 


1 Refers to maximum temperature readied in the cooking cycle. 


long been recognized as a method of denaturing proteins and this makes 
them more insoluble. Once the protein is precipitated it is more easily 
retained among the other coarser grain residues as they pass over the 
screen. Conversion of the starch to alcohol and carbon dioxide results 
in a concentration of the remaining nutrients of the original grain in 
the composite by-products of fermentation. Conversely then, from 
the data on the composition of the by-products and with the use of 
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quantitative by-product recovery data, the analyses of the original 
cereal mixture grain can be computed as a check on the by-product 
anal^'ses. For example, when this is carried out on the wheat by- 
products the computations show the following composition for the 
wheat mixture (92% wheat, 8% barley malt) on an air-dry basis: 
protein 13.1%, fat 1.9%, fiber 2.7%, ash 2.1%, calcium 0.12%, and 


TABLE III 

Mineral Composition of Alcohol Fermentation 
By-products from Various Grains 


Fermentation by-product 

Cooking temperature i 

Calcium 2 

Phosphorus 2 



op 

% 

i % " 

Wheat distillers’ dried solubles 

137.8 

280 

0.52 

1.70 

Wheat distillers’ dried grains 

137.8 

280 

0.22 

I 0.50 

Corn distillers’ dried solubles 

155.6 

312 

0.51 

1.50 

Corn distillers’ dried grains 

155.6 

312 

0.15 

0.24 

Rye distillers’ dried solubles 

137,8 

280 

0.46 

1.48 

Rye distillers’ dried grains 

137.8 

280 

0,13 

0.37 

Granular wheat flour distillers’ dried 
solubles 

137.8 

280 

0.48 

0.91 

Granular wheat flour distillers’ dried 
grains 

137.8 

280 ! 

0,20 

0.35 


r Refers to maximum temperature reached in the cooking cycle. 
2 Dry-matter basis. 


phosphorus 0.38%. Computations from the rye by-products show the 
following composition for the rye mixture (90.9% rye, 9.1% barley 
malt) on an air-dry basis: protein 12,0%, fat 1.3%, fiber 2.7%, ash 
2.0%, calcium 0,11%, and phosphorus 0.38%. In both cases it will 
be noted that the analyses are in fairly good agreement with accepted 
values for the mixtures of cereal grains, with the exception of the cal- 
cium content. Usually these grains contain 0.04-0.06% calcium. 
The difference between these values and the 0.11-0.12% obtained from 
the above computations is attributed to the calcium supplied by the 
use of limestone-bearing well water in the process. Boruff, Smith, 
and Walker (1943) reported the calcium content of limestone-bearing 
well water to be 125.7 ppm. About 33 to 38 gal of water are used per 
bu of grain fermented, supplying the additional 0.06-0.07% calcium. 

Thiamine, riboflavin, nicotinic add, and pantothenate values for the 
various by-products are reported in Tables IV and V. In the case of 
the corn and wheat distillers ; dried solubles, a higher thiamine content 
was observed when they were prepared from grain mashes cooked at 
212°F than at 31 2°F, which indicates that greater destruction of thia- 
mine was caused by the higher cooking temperature. The riboflavin. 
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which was a variable in this report, is the cooking of the grain. While 
the maximum cooking temperature was maintained for only 15 min, 
the entire heating period for the mash to reach the maximum tempera- 
ture and to cool to and below the malting temperature, required about 
1.5 hr. During this time the pH was 5.S~6.2. The results in Table 
IV show that more thiamine was destroyed upon cooking to a tempera- 
ture of 312®F (155.6°C) than to 212‘"F (lOO^C). 

In the evaporation of the screen effluent during the pilot plant 
study, a temperature of 160-165'^F (71.1-73.9®C) was applied for ap- 
proximately 6 hr. The pH of the screen effluent was 3.8-4.!. In the 
commercial process, only 4 to 5 hr are required, and the temperature 
varies from 220*’F (104.4°C) in the first evaporator to 130°F (54.4°C) 
in the finishing pan. In the drum-drying of the concentrated syrup 
the product is subjected to a high temperature for a short period of 
time, about 20 sec, and usually there is little or no destruction of 
pantothenate in this time. If the knife blades are raised on the drum 
and the product permitted to remain there for 100 sec, about 50% of the 
pantothenate present in the syrup is destroyed. The available evi- 
dence at the moment shows no loss of riboflavin or nicotinic acid during 
the recovery of the by-products. 

Beadle, Greenwood, and Kraybill (1943), in studying the stability 
of thiamine to heat, reported that it was a function not only of pH but 
also of the electrolyte system. At a pH of 5.4 and at boiling tempera- 
ture for 1 hr, 57% of the thiamine in pure water was destroyed, while 
only 10% was destroyed in a dilute acetate buffer. Destruction was 
greater at pH values higher than 5.4. Frost (1943) found the rate of 
destruction of pantothenate to be a function of pH and temperature 
and also to be affected by other substances in aqueous solution. He 
found that if a 1% dextrorotatory calcium pantothenate aqueous solu- 
tion at pH 4.0 was stored at 60°C for 5 days that 26% of the activity 
was destroyed, while in a dilute phosphate buffer solution 10% was 
'■destroyed.' . 

Synthesis of riboflavin by microorganisms, bacteria, yeast, and 
molds has been reported by a number of investigators. Hence ribo- 
flavin synthesis does not seem unlikely here. Laufer, Davis, and Saie- 
tan (1942) assayed the raw materials, the intermediate, and the end 
products of both an ale and a lager brew for vitamin content to deter- 
mine their fate in the brewing process. On the basis of the data for 
the products assayed, the authors concluded that there is some loss of 
thiamine in the brewing process due to destruction of the vitamin, that 
there is relatively little loss or gain of nicotinic acid, and that a possible 
synthesis of pantothenate; andmiboflavin^by', yeast; is indicated.' ■ 
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Summary 

The proximate, mineral, and vitamin compositions of fermentation 
'by-products in the production of alcohol from corn, wheat, granular 
wheat flour, and rye have been presented. As the cooking temperature 
of the cereal grains was increased, a greater percentage of the protein 
in the total by-products was found in distillers’ grains (screenings). 
The use of limestone-bearing water in the process significantly increased 
the calcium content of the by-products. In the production of the 
fermentation by-products, some thiamine and pantothenate were 
destroyed, presumably by heat treatment at sensitive pH levels. The 
nicotinic acid content of the by-products was due primarily to a con- 
centration of the nicotinic acid present in the original grains, while the 
riboflavin content of the by-product was derived both from the ribo- 
flavin in the original grains and from synthesis b^^ microorganisms. 
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Normally about 98% of the starch production in the United States 
(approximately 2,500 million pounds annually) is accounted for by the 
wet milling of corn. Since 1940 starch production has increased, the 
wet-milling industry having processed 130 million bushels of corn in 
1942 compared with about 75 million bushels annually prior to 1940. 
The recent shortage of corn on the cash market, coupled with the 
increased demand for starch and its conversion products for use in food 
and essential industries, has directed attention toward the use of other 
cereal grains for starch production. Wheat, in particular, has received 
consideration as an alternative source of starch, the fermentation 
industry having turned to it in 1942 as a partial replacement for corn 
in alcohol production. The utilization of wheat and other cereal 
grains as raw material for maintaining or increasing starch production 
should be based on processing methods which permit: (a) production of 
starch of low protein content in good yields for use as such or for 
fermentation or conversion to glucose sirup or sugars, (b) recovery 
of by-product protein, (c) adaptation to existing plant facilities with 
a minimum of new installations involving critical materials, and 
(d) use of different varieties of wheat and other cereal grains if required. 

Wheat is the earliest recorded material from which starch was 
prepared. The technical and patent literature on starch production, 
however, is largely confined to the use of corn for wet-milling opera- 
tions. In some cases applicability of the steps to wheat and other 
grains is claimed, although there is little or no evidence of actual 
practice on these grains. The two well-known processes for the 
production of starch from wheat grain are the Halle or fermentative 
process and the Alsatian or nonfermentative process. In these 
processes a w^ater steep with subsequent wet milling is employed. 
Recent studies by Blotter and Langford (1944) have demonstrated the 
applicability of modern corn wet-milling practice to wheat grain. 
Such a process would be suited to the utilization of wheat in existing 
wet-milling plants when desired. 

Existing wheat starch manufacturers have generally found it 
advantageous to use flour as the raw material. Wheat flour has a 

1 This is one of four regional research laboratories operated by the Bureau of Agricultural and 
Industrial Chemistry, Agricultural Research Administration, U. S. Department of Agriculture. 
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higher starch content than the grain, can be processed more rapidly 
with less plant space and equipment, and its use minimizes by-product 
recovery, since most of the bran and fiber is retained at the flour mill. 
The main disadvantage of the use of flour is its higher cost on an 
equivalent starch basis. 

The most generally used method, at present, for producing starch 
from wheat flour is the Martin process (Eynon and Lane, 1928), based 
on \vashing the starch out of a dough. This process provides ready 
recover}^ of by-product wheat gluten and a good yield of starch. The 
Martin process, however, is not readily adaptable to large-scale opera- 
tion, is limited in applicability to wheat flour having good doughing 
properties, and cannot be used to separate starch from other cereal 
flours. Modifications of the Martin process have been suggested 
(Eynon and Lane, 1928) which eliminate the dough-washing step by 
substitution of a centrifugal separation of the gluten and starch from 
a dough or paste. These methods, however, do not effect a clean-cut 
separation of starch and protein. 

In addition to these primarily mechanical procedures for wheat 
starch production, methods largely dependent on chemical treatment, 
particularly with alkali, have been proposed. Alkali disperses or 
dissolves the protein, thereby facilitating separation of the starch in a 
state of high purity. Jones (1841) patented a process for the separa- 
■tion of starch from rice or wheat meal by an alkali treatment which 
is still used as the basis for rice starch production. However, no 
detailed information is available in the literature on the use of alkali 
in the production of starch from wheat, wheat flour, or other cereal 
grains except rice and corn industrially. 

This paper deals with an investigation of processing conditions and 
methods which might be used for preparing starch and protein from 
flour by alkali treatment. Some information is available in the litera- 
ture on the action of alkali on wheat protein and wheat flour. Relative 
to the problem of starch production these data are incomplete. The 
present studies therefore may be resolved into two sections: (a) estab- 
lishment of background information on the behavior of the starch and 
protein in wheat flour in the presence of alkali, and (b) application of 
this knowledge to the preparation of starch and by-product protein. 

Experimental Methods and Results 

Flours Used. Most of the flour samples from wheat and other 
cereaL grains used for these studies were prepared in an experimental 
Buhler flour mill using lOXX bolting silk (110 mesh). With Rex soft 
white wheat and Fulton oats the tendency of the flour to ‘*ball-up” 
on the fine silk necessitated the use of a No. 48 or No. 64 grit gauze 
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(50 to 60 mesh) as the finest bolting cloth in the system* The samples 
of' granular and second clear wheat flour and white rye flour were com- 
mercially prepared products. The starch and protein content and the 
milling yield of ' the various flour samples used are shown in Table 1. 

TABLE I 


Analyses of Flour Samples 
(iVil data on moisture-free basis) 


Kind of flour 

Milling 

yield 

Starcia 

content 

Protein 

content 

No. 2 Dark Northern Spring wheat (from 

% 

% 

% 

Commodity Credit Corporation) 

70 

78 

13.7 

Thatcher hard red spring wheat 

No- 2 Hard Winter wheat (from Com- 

72 

76 

16.4 

modity Credit Corporation) 

70 

80 

12.7 

American Banner soft white wheat 

70 

1 81 

10.6 

Rex soft white wheat 

74 

^ 81 

7.0 

Second clear (hard red spring wheat) ^ 

3 

64 

20.9 

Granular wheat (grits) ^ 

60 

77 

12.9 

White rye ^ ■ 

55 

76 

9.6 

Trebi barley 

45 

79 

8.4 

Fulton oats ' 

62 

72 

13.0 

Illinois Hybrid No. 972 corn 

21 

79 

7.S 

Pink kafir (sorghum) 

33 

88 

6.9 

Colusa rice 

59 

92 

4.7 


1 Samples commercially prepared. 


The protein value, based on Kjeldahl nitrogen, was calculated as 
N X 5.7 for all except corn and sorghum, for which the factor 6.25 
was used. The starch was determined polarimetrically by a modifica- 
tion (Clendenning, K, A,, private communication) of the Hopkins’ 
procedure (1934). 

Dispersing Action of Alkalies on Wheat Protein, The dispersing 
action of aqueous alkalies on wheat protein was determined by a 
modification of the procedure for the determination of water-soluble 
protein nitrogen according to A.O.A.C. (1940). Twenty g of flour 
was mixed with 200 ml of the alkali solution and shaken frequently 
for 30 min. The mixture was then allowed to settle for 2 hr and the 
nitrogen content of the supernatant was determined. The apparent 
protein solubility, expressed in percent, was calculated as follows: 

. . U • 1 mg A?" per ml supernatant X 200 

■ Apparent protein solubility ■= ^ X 100.. 

" mg per g flour X 20 

This represents the percent of the total protein which is dispersed, 
under the conditions used, to such a degree that it does not readily 
settle by gravity. ' ' , ' 
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■Measurements were, made of the. protein-dispersing power of solu- 
tions of sodium, potassium, calcium, and barium hydroxide, and of 
sodium carbonate, using American Banner soft white wheat flour. 
The observed apparent protein solubilities, given in Table II, indicate 

TABLE II 

Dispersion of Protein in American Banner Wheat 
Flour by Various Alkalies 


Alkali Apparent solubility pH of mixture ^ 


NaOH 

O.OSxV 

% 

101 

11,8 

KOH 

O.OSiY 

100 

11.7 

NaOH 

O.OIA 

95 

10.9 

KOH 

O.OIA^ 

98 

10.8 

Ca(OH )2 0,05A 

92 

11.7 

Ba(OH )2 0.05 A 

90 

11,7 

NaaCOg 0.3% 

66 

10.3 


^ Measured with glass electrode, uncorrected for alkali salt errors. 

that maximum removal of protein from wheat flour is effected by 
sodium or potassium hydroxide. If a higher protein content in the 
starch can be tolerated, the use of calcium hydroxide offers the ad- 
vantage of low raw material cost. Sodium hydroxide was used for 
most of the studies dealing with the effect of various factors on the 
production of starch with a low protein content- 



Fig. I. Relationship of the extent of wheat protein dispersion to the pH of the 
mixture of flour and aqueous sodium hydroxide. 

The relationship between the apparent protein solubility and the 
pH of the mixture of aqueous sodium hydroxide and No. 2 Hard Winter 
wheat flour (12.6% protein^ moisture-free basis) is shown in Figure 1, 
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For the flour from other varieties of wheat and from rye and barley it 
was found that the use of O.OliV NaOH resulted in a pH of 10.4 to 10.8 
and an apparent protein solubility of about 95%, while Q.Q3N NaOH 
gave a pH of about 11.4 to 11.7 and essentially complete protein dis- 
persion. For any given flour the pH of the mixture appeared to be 
primarily dependent on the ratio of flour to sodium hydroxide and 
influenced only to a minor extent by variations of the amount of 
water within practicable limits. The results show that, for maximum 
dispersion of the flour protein, the mixture of flour and sodium 
hydroxide should have a pH above 10.5. 

The dispersion of the protein in the flour was ver^^ rapid in sodium 
hydroxide solutions. The shortest period for which a measurement 
was made was 10 min, in which time dispersion was complete. In 



Fig. 2. Relationship of temperature and amount of sodium hydroxide to gelatinization of starch 
in wheat flour; 10 g flour per 100 ml of sodium hydroxide; 4-hr treatment. 


pilot-plant operations, for which highly efficient mixing equipment was 
not available, periods of 15 to 30 min were usually allowed for the 
dispersion step. 

Starch Gelatinization. Approximate working limits of temperat^e 
and sodium hydroxide concentration for the alkali treatnjettfm flour 
without gelatinizing the starch were established in the following 
manner. Ten-g samples of American Banner soft white wheat flour 
were mixed with lOO-ml portions of O.liV, O.OSiV, and 0.03JV' NaOH at 
about 25®, 30®, 40°, and S0®C and allowed to stand for 4 hr. Gela- 
tinization was followed microscopically, using as an index the loss of 
birefringence and the staining by benzopurpurin of the granules. 
The approximate range of temperature and strength of sodium 
hydroxide in which little or no gelatinization of the starch occurred 
is shown by the shaded area in Figure 2. The pH was about 11.8 for 
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a mixture of the flour with 0.03iV sodium hydroxide 'at room tern,- 
perature. ■ 

Protein Recovery, Recovery of most of the protein was effected by 
acidifying the starch-free alkaline solution. The optimum pH for 
precipitating the protein was determined as follows: 

An alkaline wheat protein dispersion was prepared by centrifuging 
the alkali-insoluble solids from a mixture of 100 parts (moisture-free 
basis) No. 2 Hard Winter wheat flour, 1,250 parts water and 1.5 parts 
NaOH (solid). Aliquots of this solution were adjusted to various pH 
values with H2SO4; the precipitated protein was separated by cen- 
trifuging; and the protein contents of the supernatants determined. 
The relation between pH and the percentage of protein precipitated is 
shown in Figure 3. Essentially the same results were obtained when 



Fig. 3. Effect of pH on the extent of precipitation of wheat protein by acidification of the 
starch-free alkaline dispersion with sulfuric acid. 

Other acids, such as HCl, SO 2 , and CO 2 , were used, the lowest pH 
readily obtained with the last being about 6.3. 

The flocculation and settling behavior of the protein was variable. 
At pH 6.0 and higher, frequent failures to flocculate and settle were 
encountered. At pH 5.5, however, flocculation occurred regularly 
with all of the wheat flours studied in this region of flour concentration. 
This has led to a preference for pH 5.5 for protein recovery in the 
procedures for processing flour despite the higher percentage of protein 
precipitated in the region of pH 6.0. 

In the pH range of 5.0 to 6.0 the flocculated protein settled by 
gravity at a rate of between 1 and 2.5 ft per hr to occupy one half to 
one third of the total volume of fluid. Centrifugation at about 800 
times gravity gave a soft protein cake containing 70 to 80% moisture. 
When dried, this cake became hard and brittle and had a protein 
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content of about 85% (N X 5.7), moisture-free basis, representing 
from 67 to 77% of the protein originally present in the alkaline solution. 

The protein precipitated by acidification was finely divided and 
did not filter readily. Evidence was obtained which confirmed the 
findings of the Overly Biochemical Research Foundation, Inc. (private 
communication, 1943), that the use of a lignin sulfonate as a precipita- 
tion aid might be effective in giving recovery of protein in a filterable 
form. The proportion of dry lignin sulfonate required, however, was 
undesirably high, being approximately equal in weight to the protem 
to be precipitated. 

The concentration of protein in the alkaline solution was increased 
either by raising the flour concentration or, more practicably, by 
using the alkaline starch-free liquor from one flour dispersion for the 
treatment of additional portions of flour (with the necessary addition 
of alkali) before precipitating the protein. A concentration of protem 
and other alkali solubles was reached, however, at which the protein 
failed to flocculate and settle, even at pH 5.5. In qualitative experi- 
ments on wheat flour, such failure was encountered wdth an alkaline 
solution equivalent to that from the treatment of 1 part flour with 3 
parts aqueous alkali. 

The wheat protein recovered by precipitation from the alkaline dis- 
persion had undergone some chemical change. When the solutions 
were acidified, the odor of hydrogen sulfide was noted, probably indi- 
cating changes involving cysteine. The recovered protein was no 
longer glutinous in character, although its solubility in solvents such 
as acetic acid or alcohol was not greatly different from that of “native “ 
wheat gluten. 

Processes for Starch Separation after Alkali Treatment of Flours. 
Two processes, centrifuging and tabling, were used for separating 
starch from flour after alkali treatment. The details of conditions and 
processing steps, based on the preceding data and on trial processing, 
were chosen with the objective of providing applicability to a wide 
variety of flours. To facilitate the separation of a maximum of 
protein from the starch, a pH above 10.6 was used, thus insuring 
essentially complete dispersion of the protein by sodium hydroxide 
(see Fig. 1). An upper limit of pH 11.8, obtained with about 1.5 
parts NaOH per 100 parts flour, was set, along with an upper tem- 
perature limit of to avoid the region of starch gelatinization 

shown in Figure 2. Exploratory experiments showed that increasing 
the flour concentration, although resulting in an economy in the volume 
of fluids, decreased the rate of settling of the starch and increased the 
amount of protein in the liquor held in the starch layer. For the 
labliiig of starch from the alkaline wheat flour suspension, a concentra- 
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tion of Tpart flour in 12.5 parts of O.OSiV" NaOH was, found most 
practical, while for centrifuging, 1 part flour in 6 parts of O.OSiV NaOH 
could be used for most flours. 

The two processes for starch and by-product protein production, as 
described below in detail, illustrate the use of representative conditions 
and processing steps. Considerable variation of the processes is 
possible depending on the ingenuity of the processor, the equipment 
used, and the purity required of the products. The results of the 
processing of different 4iours are given to indicate the applicability to 
a wide variety of raw materials. 



Fig. 4. Centrifuging process flow sheet for obtaining tiie products in Table UT. 

Centrifuging Process and Application to Various Wheat Flours ^ Jn 
the centrifuging process the starch is separated in a single fraction, 
together with the small amounts of other alkali-insoluble solids, for 
the production of a low-protein crude starch by a minimum number 
of operations. The general procedure adopted for the centrifugM 
separation of starch from alkali-treated flour is outlined in the flow 
sheet, (Figy4).: ' 

For the preparation of starch, 150 g (100 parts) of flour (moisture- 
free basis) was mked with 900 ml of 0 NaOH (600 parts aqueous 
solution;, 'containing, ;:''0.''75:Ta^^ between 25"^ and 35*^C with; ■ 
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rapid stirring until all lumps of flour had disintegrated , usually within 
15 min. This flour suspension (about 8.0° Baume) was introduced 
into an imperforate basket centrifuge at such a rate that the liquor 
overflowing the rim of the basket was starch-free. The cake of crude 
starch was resuspended in about 800 ml of water with vigorous stirring, 
and the suspension introduced into the centrifuge basket as before, 
without neutralization. The resulting starch was dried at 40°C in a 
mechanical convection oven. When a neutralized starch was desired, 
the washed starch was resuspended and the pH adjusted. 

TABLE III 

Yield of Starch and Protein from \Arious Flours — Centrifuging Process 


(Ail data calculated on moisture-free basis) 



Crude 

starch 

Washed starch * 

Precipitated protein 

Kind of flour 








Protein 

Yield 

Starch 

Protein 

Yield 

Protein 

Protein 



content 

recovery 

content 

content 

recovery 


% 

Lhjim 
lb flour 

% 

% 

L6/100 
lb flour 

% 

% 

Rex soft white wheat 

0.9 

86 

101 

0.3 

6 

70 

63 

No. 2 Hard Winter wheat 

No. 2 Dark Northern Spring 

1.7 1 

83 

101 

0.4 

10 

87 

71 

wheat 2 

2.7 

82 

100 

0.4 

11 

85 

65 

Thatcher hard red spring 
: ' wheat ^ 

Second clear (hard red spring 

2.5 

79 

101 

0.4 

13 

88 

69 

78 

wheat) ® 

2.7 

71 

105 

! 0.6 

20 

82 

Granular wheat 

3.1 

81 

98 

1.1 

9 

87 

62 

White rye 

^ 1.5 

80 

101 

0.4 

3 



Trebi barley 

1.0 

83 

99 

0.5 

8 

72 

67 

Fulton oats 

2.0 

74 

98 

0.6 

19 

57 

81 

Illinois Hybrid No. 972 corn 

2.5 

85 

100 

1,5 

9 

54 

61 

Pink kafir (sorghum) 

4.1 

92 

98 

3.4 

4 

59 

30 

Colusa rice 

1.8 

93 

97 

1.0 

4 

69 

57 


^ The nitrogen content of the starch is expressed, for uniformity, as protein, calculated as iV X 6.25 
for corn and sorghum and N X 5.7 for the other starches, although the nitrogenous material associated 
with the starch granules is quite different from the bulk of the flour protein. About 0.02 to 0.04% N 
(0.1 to 0.3% protein as calculated above) is apparently either incorporated in the starch granules or 
flrmly adsorbed by them, since this is the lower limit of nitrogen in samples of cereal starches prepared 
by various methods. 

* Starch centrifuged from suspension of 1 part flour in 6 parts 0.06W NaOH solution. For all other 
flours 0.03i\r NaOH solution was used in the same proportions. 

- ^ Did not precipitate at the flour concentration used. 

By-product protein was recovered from the alkaline liquor from the 
first centrifugation by acidifying to pH 5.5 with dilute sulfuric acid. 
The precipitated protein was collected by centrifuging and dried. No 
attempt was made to recover the protein from the starch wash water, 
which in continuous processing would be used for treatment of the 
next batch of flour. This wash water usually contained about 10-15% 
of the total flour protein and would probably augment the recovery 
of precipitated protein by at least half this amount on recycling. 



Sept., 1944' ■■ ■ DIMLER, DAVIS, "RIST, AND HILBERT ' 439 

The' results of the application of this process to wheat flour of 
different grades and from representative varieties of wheat are shown 
in Table III. The protein content of the crude starch is included as an 
indication of the quality of starch which would be obtained without 
any washing. 

After one washing, the starch from the straight flours had a protein 
content of 0.3 to 0.6%, with the exception of that from the No. 2 
Dark Northern Spring and the Thatcher hard red spring wheat flours, 
which contained 1.2% and 0.9% protein, respectively. From these 
flours, starch with only 0.4% protein was easily prepared by using 
either an additional 600 parts water (1,200 parts of 0.015iV' NaOH 
solution) or double the strength of sodium hydroxide (600 parts of 
0.06 Af NaOH solution) for the initial flour dispersion. The higher 
protein content of the starch from the second clear and the granular 
wheat flour may be attributed to the presence of larger particles of 
bran or fiber from which the nitrogenous material is not readily 
extracted. 

Starch obtained by this process contains all the alkali-insoluble 
solids of the flour which lower the starch content to 94 to 98% as 
compared with a purity of about 99% for the highest-quality starch 
prepared by the usual commercial methods. The main nonprotein 
impurities consist of the cellulosic cell-wall fragments and bran. This 
material, along with the gelatinized starch arising from granules 
damaged by milling, contributes gumminess or ‘stickiness to the cen- 
trifuge cake and prevents ready filtration of the starch. The starch 
can be separated by centrifugation into prime-quality and lower- 
quality starch, as is done in commercial rice starch processing (Eynon 
and Lane, 1928), by taking advantage of the difference in rate of 
settling of the two fractions. 

Tabling Process and its Application to Various Wheat Flours, In 
the tabling process the starch is recovered in two fractions: (a) the 
prime-quality starch which deposits on the table, and (b) the ‘'tailings 
starch (f obtained by centrifugation of that part of the suspension 
passing over the end of the table. An outline of the procedure used 
for the separation of starch by tabling the alkaline flour suspension is 
given in the process flow sheet (Fig. 5). 

For the preparation of starch, 454 g (100 parts) of flour (moisture- 
free basis) was added to 5.7 1 of 0.03N NaOH (1,250 parts aqueous 
solution containing 1.5 parts NaOH) at 25° to 35°C with rapid stirring. 
The suspension (about 4.1° Baum6) was run onto a starch table at a 
rate of about 170 ml per min, the table being 3 inches X 12 ft in size 
with a pitch of one fourth inch in 10 ft. The tailings were run directly 
into an imperforate basket centrifuge. One I of water was then run 
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onto tile table at a rate of about 330 ml per min to displace the super-' 
natant layer of alkaline liquor and to sweep away loose solids overlying 
the starch cake on the table. The starch was removed from the table 
and the starch milk was adjusted to pH 5. 5-6.0 with dilute H 2 SO 4 and 
screened through No. 17 standard bolting' silk. . The starch milk, 
made up to a volume of about 3 1 (approximately 6.2® Baume), was 



Fig. 5. Tabling process flow sheet for obtaining the products in Table IV. 


tabled at a rate of about 330 ml per min. The tabled starch was re- 
suspended with about 800 ml of water, screened through silk as before, 
filtered by suction on a Buchner funnel, and dried. 

The solids from the centrifugation of the first tabling tailings were 
washed twice by suspension in about 1 l of water and centrifuging, 
tile second washing being accompanied by adjustment to about pH 6.0 
with sulfuric acid. Precipitable protein was recovered from the 
alkaline liquor from the initial centrifuging of the first tailings in the 
same manner as in the centrifuging process. 
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The application of the tabling process to flour from different 
varieties of wheat gave the products shown in Table IV. For brevity, 
the starch obtained from the second tabling tailings is not included in, 
the tabulation, but usually amounted to about 2 ~ 6 % of the total 
starch. The prime-quality table starch constituted between 68 and 
83% of the starch originally present in the flour, most of the recoveries 

TABLE IV 

Yield. OF Starch and Protein from Various Flours — Tabling Process 


(Ail data calculated on moisture-free basis) 



Tabled starch | 

First tailings starch 

Precipitated protein 

Kind of flour 

Yield 

Starch 

re- 

cov- 

ery 

Pro- ' 
tein 
con- ! 
tent 

Yield 

Starch 

re- 

cov- 

ery 

Pro- 

tein 

con- 

tent 

Yield 

Pro- 

tein 

con- 

tent 

Pro- 

tein 

recov- 

ery 

Laboratory runs 

LhflOO 
lb flour 

% 

% 

LbIlOO 
lb flour 

% 

% 

LbilOO 
lb flour 

% 

% 

American Banner soft 










white wheat 

67 

83 

0.2 

14 

16 

0.5 

8 

77 

■57 ■ 

Rex soft white wheat 

59 

73 

0.2 

18 

19 

0.5 

4 

70 

39 

No. 2 Hard Winter 










wheat 

57 

72 

0.3 

16 

19 

0.4 

9 

84 

57 ' '■ 

No. 2 Dark Northern 










Spring wheat 

56 

71 

0.3 

19 

22 

0.4 

8 

79 

46 

Thatcher hard red spring 










wheat 

55 

72 

0.3 

18 

22 

0.5 

11 

: 90 

62 

Second clear (bard red 








i 


spring wheat) 

44 

68 

0.2 

21 

26 

0.7 

16 

1 84 

65 

White rye ^ 

55 

72 

0.1 

20 

24 

0.6 

8 

i 48 

42 

Trebi barley ^ 

50 

63 

0.2 

26 

31 

0.5 

9 

: 68 

69 

Illinois Hybrid No. 972 










corn 

67 

85 

0.5 

6 

6 

2.5 

8 

; 56 

61 

Pink kafir (sorghum) 

69 

80 

0.9 

7 

7 

8.9 

5 

57 

41 

Pilot-plant runs 

No. 2 Hard Winter 










wheat 

59 

74 

0.2 

17 

20 

0.5 i 

9 

79 

56 

White rye i 

55 

73 

0.1 

22 

24 

1,2 2 '1 

- — 

. — . 

, - — 

Trebi barley ^ 

47 

60 

0.2 

31 

33 

0.7 ; 

— 

___ 




1 Starch tabled from, a suspension of 1 part flour in 25 parts O.OISiV NaOH solution. Alt other 
tablings were from ^ suspension of 1 part flour in 12.5 parts O.OSV NaOH. 

2 Not washed. 


being about 72%, The protein content of this starch was 0.2 to 0.3%, 
which is comparable to that of the highest quality starch prepared by 
the usual commercial methods. The first tailings starch fraction, 
which accounts for 16 to 26% of the starch in the flour, contained 
0.4 to 0.7% protein and had a starch content of 88 to 94% when ob- 
tained from the straight flours. The first tailings starch fraction from 
the second clear flour contained only 78% starch as a result of the 
higher bran and fiber content of this flour, most of this material being 
recovered in the tailings. The protein recoveries by precipitation 
were from 46 to 65%, being lower than in ^ runs by the 

centrifuging process because of the lower concentration of protein in 



442 STARCH FROM WHEAT' AND OTHER CEREAL FLOURS Voi. 21 

the tabling process. The purity, of the recovered protein 'was between 
70 and 90%. 

The yields of products in the different fractions are representative 
and were usually reproducible, under fixed conditions, within about 
2%. The quantities obtained from a given flour are dependent on the 
rate of tabling, the concentration of flour and sodium hydroxide, 
the pitch and relative size of the starch table, and other details of 
manipulation. 

Recycling of process liquors is advantageous in general practice. 
The alkaline liquor from the tailings of the first tabling can be used, 
with the addition of alkali, for the treatment of at least one further 
batch of flour before precipitating the protein. If a still higher con- 
centration of alkali solubles is built up by several such recyclings the 
protein fails to precipitate when the alkaline solution is acidified. The 
entire tailings from the retabling of the starch can be used for the pri- 
mary treatment of another batch of flour, care being taken while 
adding the necessary alkali that the starch in the tailings is not 
gelatinized by local regions of high alkalinit}^ 

Composition and Properties of Tailings Starch. A typical partial 
chemical analysis of a washed and neutralized wheat tailings starch, 
expressed on the moisture-free basis, is given below: 

Percent 

Starch = 93.8 (polarimetric) 

Protein 0.44 (N X 5.7) 

Pentosans = 1.04 

Fatty acids = 0.65 

Ash = 0.60 

Undetermined =3.5 

Pentosans were determined by the official A.O.A.C. (1940) procedure, 
the distillate being redistilled and the furfural precipitated by thio- 
barbituric acid. Fatty acids were determined by acid hydrolysis and 
extraction from the hydrolysate. The ash content was determiii^^ 
by incinerating the starch at 700°C for 3 hr. 

The material not accounted for in the above analysis probably is 
largely cellulosic in nature. 

This tailings starch from the first tabling contains the lighter 
and often more voluminous alkali-insoluble solids of the flour which 
fail to deposit on the table. The protein content is very low, in con- 
trast to the tailings or '‘amylodextrin’' fraction obtained in starch 
production by the dough-washing procedure (MacMasters and Hilbert, 
1944a) or the wet milling of wheat (Slotter and Langford, 1944). „ 
Microscopic examination of this material showed that it is made up 
of very small starch granules, gelatinized and swollen starch granules, 
and cell-wall fragments. This combination of solids offers technical 
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difficulties in' processing. Filtration is slow, if not impossible. Cen- 
trifugation in an imperforate basket gives a very soft, and gummy cake. 
When the product is dried in a mechanical convection oven ,, at 40°C, 
a hard, horny mass is obtained, although vacuum drying at room tem- 
perature gives a fairly friable product. Therefore, it is desirable to 
use the tailings starch while still wet, e.g., for hydrolytic conversion or 
fermentation, and with as little additional processing as possible for 
purification. 

Pilot-Plant Preparation of Wheat Starch by Tabling. The tabling 
process used for the pilot-plant preparation of wheat starch was the 
same as that used in the laboratory. Fifty lb of flour (moisture-free 
basis) was mixed with 75 gal of water containing 0.75 lb of NaOH. 
The flour suspension was run onto a starch table, 1 ft X 40 ft in size 
with a pitch of about 0.5 inch in 10 ft, at a rate of about 0.6 gal per 
min (0.9 gal/sq ft/hr). The results given in Table IV are in agreement 
with those for the laboratory processing of the same flour. No diffi- 
culties were experienced in this larger-scale application of the pro- 
cedure. 

Applicability to Flour from other Cereal Grains. The centrifuging 
and tabling processes for recovering starch after alkali treatment were 
applied to rye, barley, oat, rice, corn, and sorghum flours without 
modification except in the amount of water used in the initial dis- 
persion of rye and barley flours for tabling. Since these studies were 
designed to show the effectiveness of the wheat flour processing con- 
ditions for other flours, no attempt was made to establish optimum 
conditions for the individual flours. The yields of products obtained 
from these flours are shown in Tables III and IV. 

The centrifuging process used with rye, barley, and oat flours gave 
starch comparable in purity to that from wheat flour, the protein 
content being 0.4 to 0.6%. The starch from corn, sorghum, and rice 
flours had a higher protein content, 1.0 to 3.4%, due to insolubility 
of a fraction of the protein in the alkali and/or mechanical retention 
of protein in vitreous particles of flour which are not broken up during 
the short treatment with alkali. The protein recovered by precipita- 
tion was between 57 and 81% of the flour protein for all but sorghum 
and rye flours. The low recovery of protein from sorghum flour was 
due to incomplete dispersion of the protein, since 51% of the flour 
protein was recovered in the starch cake. The alkaline liquor from 
the rye flour did not give a precipitate of protein on acidification when 
the prescribed flour concentration was used. The use of a more dilute 
dispersion mixture, containing 1 part rye flour in 12 parts O.OSiV NaOH 
solution, permitted fairly satisfactory precipitation and recovery of 
about 62% of the protein in the Oat and corn flours ap- 
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peared to have a higher alkali-binding capacity, since the addition of 
more alkali was necessary to bring the pH of the mixture above 10.6. 

The tabling process, as described for wheat flour, was less applicable 
than the centrifuging process to other cereal flours. Rice and oat 
flours could not be processed by tabling because the starch, being com- 
posed of very small granules, settled too slowly to permit retention 
on the table at the rates of flow used. The alkaline protein dispersion 
from rye and barley flours was rather slimy and viscous, so that a more 
dilute flour suspension (containing twice the quantity of water used for 
wheat flour) was necessary to provide satisfactory initial deposition of 
starch on the table. The retabling of the starch, however, proceeded 
as described for wheat starch to yield prime-qualit}^ starch having the 
very low protein contents of 0.1 and 0.2%, and representing starch 
recoveries of 72 and 63%, from rye flour and barley flour, respectively. 
Corn and sorghum flours gave higher recoveries of starch on the table, 
but the protein contents were 0.5 and 0.9%, respectively. 

The pilot-plant processing of barley and rye flours, using 50 lb of 
flour in each case and twice the quantity of water used for wheat flour, 
proved entirely comparable to the laboratory processing, as shown by 
the results presented in Table IV. Protein recovery was not studied 
in these runs. 

Evaluation of the Alkali Process for Starch Production 

The applicability of the alkali process to a wide variety of raw 
materials permits a choice on the basis of availability and economy. 
The general success in the preparation of starch from all types of wheat 
flour studied indicates the feasibility of using such materials as low- 
grade wheat flour, flour of limited value for baking, such as that from 
some of the soft white wheats of the Pacific Northwest, and probably 
flour from damaged grain which is of such quality that it is unsuitable 
for food. That the starch from damaged wheat is generally of normal 
quality has been shown by MacM asters and Hilbert (1944). While 
wheat flour appears to be the most suitable raw material, rye, barley, 
and oat flours can also be processed with little or no modification of 
the steps. Less satisfactory results were obtained with corn, sorghum, 
and rice flours, the separation of protein from the starch not being as 
complete under the conditions used. 

Starch which is well suited for use as such, for conversion to glucose 
or malt sirups, or for fermentation can be prepared by the alkali 
process. The quality of the starch is governed by the separation 
method used and the extent of purification. The tabling process for 
starch separation and fractionation is adapted to the production of a 
major fraction of very high-quality starch free of fiber and cell-wall 
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fragments and having a protein, con tent comparable to that of the best 
commercial starches. This prime-starch fraction, which is approxi- 
mately 70 to 80% of the starch in the flour, can be filtered and dried 
for use as such or converted into other products. The tailings starch 
is of lower quality, containing fiber, cell-wall fragments, and gelatinized 
and small starch granules, but relatively little protein. It would 
preferably be converted to lower quality sirups or used for other pur- 
poses requiring wet starch of fair purity. 

The centrifuging process is advantageous for the preparation of 
starch that is to be used in the wet state for purposes not requiring the 
highest quality starch. By this process, all of the starch in the flour 
is recovered in a single fraction, the once- washed product usually 
having a protein content of between about 0.3 and 0.6%. 

Protein obtained from wheat is of particular value at the present 
time for the production of monosodium glutamate which is much in 
demand as a condiment. Tests by a commercial producer of glutamic 
acid have shown that the by-product wheat protein from the alkali 
process is suitable for this purpose. Because of the chemical alteration 
which has occurred, the recovered protein cannot be used for the 
fortification of wheat flour in the manner that ''native'' or "gum” 
gluten is used. 

The alkali process applied to flour provides a relatively simple 
method for producing starch by the use of conventional types of 
processing equipment. The recovery of precipitated protein and 
tailings starch appears to offer technical difficulties which would require 
study from a chemical engineering viewpoint for the large-scale appli- 
cation of the alkali process. The process, in certain cases, could be 
employed advantageously in conjunction with existing plant facilities. 
The production of sirups or sugars by the conversion of starch pre- 
pared from wheat or other cereal grain flour in beet-sugar factories or 
sugar refineries might merit consideration in regions where the raw 
material supply and cost are favorable. These establishments already 
have most of the equipment necessary for working up the starch con- 
version liquors. The utilization of beet-sugar factories in this way 
also would permit year-around operation of the plant by the production 
of starch conversion products during the idle period between sugair 
campaigns.';. ■ ■ . " ' 

Summary . 

As a basis for the production of starch from flour, conditions have 
been established for the essentially complete dispersion of the protein 
of wheat flour, without materially affecting the starch, by treatment 
with dilute aqueous sodium hydroxide. Precipitation of the protein 
on acidification of the alkaline solution has been studied. 
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Results of preparation of starch and by-product protein from wheat 
flour by alkali treatment have been presented. Two representative 
procedures, centrifuging and tabling, were used for starch separation. 
The alkali process, as used for wheat flour, has been applied also to 
barley, rye, oat, corn, sorghum, and rice flours. These raw materials, 
under the conditions used, were not as satisfactory as wheat flour. 

The tabling process yields a prime-quality starch fraction, equiva- 
lent to 70 to 80% of the starch in the wheat flour. The remainder of 
the starch is recovered as a lower-quality fraction which is low in 
protein (0.4-0. 7%) and suitable for certain conversion or fermenta- 
tion uses. 

The centrifuging process permits isolation of all the starch of the 
wheat flour in a single fraction having a protein content of 0.4-0. 6%. 
Included in this product are the other alkali-insoluble solids which 
reduce the purity of the starch to between 94 and 98%. 

The recovered by-product wheat protein has a purity of 70 to 
90% and constitutes 50 to 80% of the flour protein. 

The alkali process offers a means of utilizing any variety of wheat, 
as well as some other cereal grains, as alternatives to corn for main- 
taining or increasing the production of starch under special conditions 
of raw material supply and cost. 
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EFFECT OF THE SULFUROTJS ACID STEEP IN 
CORN WET MILLING 
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(Presented at the Annual Meeting, May 1944; received for publication, June 23, 1944) 

In the wet-milling process for the manufacture of corn starch it is 
customary to steep whole corn kernels, prior to milling, in dilute sul- 
furous acid solution for from 38 to 60 hr, depending upon the moisture, 
age, and type of corn. Too much emphasis cannot be placed upon the 
importance of steeping for ensuring smooth milling operation and maxi- 
mum yield of prime-quality starch. According to Bartling (1940) the 
chief purposes of the steep are: (1) to soften the corn kernel, (2) to 
reduce or inhibit the activity of microorganisms, and (3) to whiten 
the starch. The softening action is apparently of the greatest impor- 
tance. Regarding the mechanism of the action of aqueous sulfur 
dioxide little or nothing is known, although it has been widely assumed 
in the industry that dispersioiNof the protein is facilitated (cf, Brossler, 
1895) with consequent loosening of the starch granules from the sur- 
rounding proteinaceous material. As far as is known, however, no 
studies have been reported on the function of sulfur dioxide in the 
steep. 

Information on the specific action of the sulfurous acid in the steep 
would provide a logical basis in the search for superior steeping agents 
or for developing new processing methods. Experiments were there- 
fore undertaken having three main objectives: (1) to determine the 
degree to which sulfurous acid in the steep aids in the softening of corn 
kernels, (2) to ascertain the starch-protein relations within the corn 
kernel, and the effect of the sulfurous acid steep upon them, and (3) 
to determine what, if any, effect the concentration of sulfurous acid in 
the steep has upon the starch subsequently extracted from the corn. 

Since direct physical or chemical methods for following softening 
action are lacking, the simplest and most satisfactory approach ap- 

^ This is one of the laboratories of the Bureau of Agricultural and Industrial Chemistry, Agricul- 
tural Research Administration, U. S. Department of Agriculture. 
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peared to be by microscopic examination of changes produced under 
various steeping conditions. This method was used and the results 
correlated with those of starch extraction studies. 

Experimental and Discussion 

Corn Endosperm, Endosperm cells vary greatly in size. Just un- 
der the aleurone layer the storage cells in the dent corn (Iowa 939) 
studied were found to measure approximately 50 X 35 /x (radial diam- 
eter X tangential diameter, respectively). (C/. Fig. 1.) Only about 
2 to 8 rows of cells were this small ; centripetal to these lay others, very 
irregular in size, ranging from approximately 80 X 50 /x to 240 X 100 11 
(Fig. 2), In some kernels no further differentiation was observed, but 
in others there was a row of flattened cells at the center of the kernel, 
approximately 55 X 70 m to 50 X 150 m- Iri sectioning, some cells are 
cut through the center while others are cut more or less toward one 
end ; hence cells having the same over-all dimensions may appear to 
differ considerably in size when the cross-sectional diameters are com- 
pared, as in Figures 4, 6, 7, and 8. Cell size also varies somewhat from 
kernel to kernel. Measuremients of cell- wall thickness were made on 
cross sections of dent corn kernels mounted in distilled water. The 
average in the horny endosperm was 2 to 5 ju. Cells just under the 
aleurone had the thickest walls. In commercial starch processing, 
this cell-wall material contributes heavily to the “fiber’' fraction, which 
is removed by the silk screens prior to the collection of prime-quality 
starch. 

Endosperm cells showed 30 to 85 starch granules exposed by cross 
sectioning, the number of granules varying with cross-sectional diam- 
eters of cells. Small granules in a heavy protein matrix occurred just 
under the aleurone layer. Nearer the center of the kernel the granules 
were much larger in size and the protein network less massive. The 
difference in size of the starch granules is strikingly shown by compari- 
son of Figures 1 and 2. The granules immediately under the aleurone 
layer are of the smallest size. Within a more or less narrow region, the 
granules are larger in diameter the greater their distance from the 
aleurone layer. Granules 3 to 9 cells distant from the aleurone layef 
are about equal in size to those in cells near the center of the kernek 
Most of the starch granules lying close to the aleurone layer are con- 
tributed during processing to the so-called “tailing” or “bastard” 
starch, and relatively few to the prime-quality fraction. ; 

Relationships between dent corn endosperm and embryo are shown 
in Figure 3. For details of kernel structure, see Hayward (1938). 

Penetration of the Kernel by the Steep. Several steeps were made in 
water and in sulfurous acid from which samples of dent corn were with- 
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drawn at short intervals and examined macroscopically after sectioning 
to determine the site and degree of penetration of the steep liquor into 
the kernel. The liquid entered at the chalazal or basal end of the kerne! 
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Fig. 1. Cross section approximately midway between base and crown of corn kernel, showing 
pericarp, aleurone cells (from some of which the contents have been lost in sectioning), and outer 
endosperm storage cells full of starch granules. 500 X. 


and traveled rapidly upward just under the seed coat. It apparently 
thus reached the top of the kernel before starting to penetrate through 
the aleurone layer to the starch cells of the endosperm at the sides to 
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any appreciable extent. The embryo including- the scutellum was 
penetrated before the endosperm. Somewhat less than 4 hr was 
required at 49°C for complete wetting of the germ and about 8 hr 
for complete penetration of the endosperm by the steep, x^t the end of 



Fig. 2. Cross section near inner edge of horny endosperm, approximately midway between base and 
crown, showing endosperm storage cells full of starch. 500 X. 


8 hr, however, the kernel was not greatly softened. Corn became 
progressively easier to grind as the duration of the sulfurous acid steep 
was increased from 4 to 24 hr. 

Starch-Protein Relations. Sections of corn kernels were obtained 
for microscopic studies by use of a sliding microtome with freezing 
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attachment. When these sections were stained directly with iodine 
solution none of the details of the starch-protein relations could be 
observed owing to the opaqueness of the deeply stained starch granules. 
The following method, therefore, was devised for removing the starch 
granules from a section of corn kernel and at the same time staining 
the protein network and the cell walls : The section was placed in a drop 
of distilled water on a microscope slide, flooded with Q.2N iodine solu- 
tion, and allowed to stand 3^ min; the iodine was pipetted off; 



Fig, 3, Cross section through the middle of corn kernel from which the pericarp, commonly 
known as the seed coat or hull, has been remov^ed. Positions of the embryo (em), including the scu- 
tellum (sc), and of the endosperm (en) are indicated. The floury' endosperm near the scutellum has 
been torn slightly in sectioning. The cells show clearly in the horny endosperm, but are less distinct 
in the floury. Approximately 13 X- 

and a drop or two of 70% sulfuric acid was added. After about 1 
sec the sulfuric acid was rinsed olf with distilled water and the section 
washed several times to remove the starch. The sulfuric acid gela- 
tinized the starch granules and, in consequence, they were easily re- 
moved from the surrounding protein which remained very tough and 
hard to break. A drop or two of Q.2N iodine solution was then placed 
on the moist section and the cover slip added. The initial treatment 
with iodine and sulfuric acid left the cell walls unstained or stained 
blue depending upon the amount of cellulose present, while the final 
addition of iodine gave a bright yellow color, characteristic of protein, 
to the network. At the same time, any starch not removed by the 
previous washes was colored deep blue-black. 
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Comparisons were made of sections stained in this manner with 
others prepared : (1) by mounting directly in cold water, (2) by heating 
in water to gelatinize the starch granules which thereupon were forced 
out of the protein network, (3) by removing all loose starch granules 
by washing with water and subsequently staining the protein network 



Fig. 4. Cross section of unsteeped dent corn, comparable to that shown in Figure 2 as to position, 
but with the starch granules gelatinized and largely removed. The proteinaceous network holds them 
tightly. Those remaining in the network appear as large black bodies having been stained with iodine. 
The thick dark lines are cell walls; the thinner lines in honeycomb arrangement are the protein network. 
500. X. .. 


with picric acid, and (4) by the use of several combinations of stains 
commonly employed on plant material. There was no evidence that 
the microscopic details and relationships of protein, starch, and cell 
walls were in any way changed by the treatment adopted as standard, 
other than that the starch was gelatinized and consequently often 
forced out of the protein network. 


Kov., 1944 M. J. COX, M. M. MACMASTERS, AND Cx. E. HILBERT 453 


Careful microscopic study of cross sections of Iowa Hybrid 939 dent 
corn endosperm showed that the individual starch granules in both the 
horny and the floury endosperm lay completely embedded in a matrix 
composed largely, if not wholly, of protein. In the floury endosperm 
at the center of dent corn kernels the protein is less dense and each 
protein envelope fits about the enclosed starch granule much more 
loosely than in the horny endosperm. When the starch granules were 







Fig. 5. Cross section of imsteei^d popcorn, comparable to that of dent corn showit in Figure 4. 
The protein network is stronger than in dent corn and has been more completely freed of starch granules 
without causing damage to the network. Some starch granules, however, still remain. 200 X, 


removed from thin sections (as described above), the empty protein 
network was clearly visible within the individual cells (Figs. 4 and 5). 

In Cuzco, the flour corn studied, there is a heavy protein network 
just inside the aleurone. This is, however, less dense than in the 
corresponding area of dent corn. In Cuzco corn the protein matrix 
becomes progressively weaker from the aleurone to the center where it 
is found largely in discrete flat particles instead of as a network. 
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The strands of protein composing the network were found to be 
birefringeiit between crossed nicol prisms, indicating that the majority 
of the molecules in the network, that is, in the protein film, are oriented. 
In crystalline or oriented high polymeric polar substances it is generally 
recognized that powerful intermolecular binding forces are operative. 
As a result, such high polymers are usually strong and difficult to dis- 
perse in solvents. The oriented and therefore possibly crystalline 
nature of the protein network probably accounts for its toughness and 
for the difficulty encountered in dispersing it. At a magnification of 
1200 X the protein appeared homogeneous, without structural detail. 

From the microscopic studies it appeared that the protein content 
was considerably greater in horny than in floury endosperm. This 
was indirectly confirmed by analytical data obtained previousl\', and 
for another purpose, on hand-separated horny and floury endosperm 
fractions of another typical dent corn, Reid Yellow Dent. These data 
are summarized in Table I. The 4 to 5% unaccounted for by analysis 


TABLE I 

Composition of Horny and Floury Endosperm of Reid Yellow Dent Corn 


Constituent 

Horny 

endosperm 

Floury 

endosperm 


% 

.% 

Ash 

0.27 

0.35 

Protein (N X 6.25) 

13.25 

7,69 

Alcohol soluble N 

1.49 

0.64 

Sugar 

0.47 

0.52 

Starch (by polarimetric method) 

80.4 

85.6 

Oil (petroleum ether extract) 

0.73 

0.33 

Undetermined 

3.4 

4.9 


is undoubtedly attributable to cell-wall material. From these data it 
is apparent that there is almost twice as much protein in horny as in 
floury endosperm. The ratio of starch to protein is approximately 
11 : 1 in floury and 6 ; 1 in horiiY' endosperm. Although the microscopic 
and analytical studies were made upon different varieties of corn, dent 
corns, in general, appear to be sufficiently similar to warrant correlation 
of these data. 

Correlation! of Microscopic and Extraction Studies. Three corns 
were chosen for the microscopic investigations on steeping. Iowa 
Hybrid 939, a dent variety very popular in the corn belt, grown in 
Iowa, was used as typical of the type of corn reaching wet millers; it 
contains both horny and floury. endosperm. White Cuzco flour corn, 
grown in Peru, and South American variety popcorn, grown in Iowa, 
were used in a study of possible differences in the effects of steeping on 
floury and horny endosperm, respectively. 
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For more detailed studies of the effect of steep upon starch charac- 
teristics, Iowa Hybrid 939 and lowax 1, comparable hybrid corn into 
which the waxy or glutinous starch character has been bred, were used. 
The latter was chosen because of wide current interest in glutinous 
starch for tapioca replacement. 



Fig. 6. Cross section of corn kernel comparable to those shown in Figures 4 and 5. Dent corn 
after 24-lir steep in distilled water. The protein network is somewhat swollen; in parts of the network 
incipient globule formation is apparent. 500 X- 


Starch was extracted on a laboratory scale by a method analogous 
to that used commercially for the production of corn starch. Although 
practice varies considerably from plant to plant, most, if not all, of the 
wet millers in this country use steeps having sulfur dioxide concentra- 
tions of between 0.10 and 0.30%. In order to cover this range and to 
study more extreme conditions as well, the present experiments were 
carried out with distilled water and 0.10, 0.20, 0.30, and 0.40% sulfur 
dioxide steeps. A 24-hr steeping period at 49°C was adopted as stand- 
ard. In certain instances, as noted below, other steeps were used for 
special studies. Steeping was carried out by placing 400 g of corn and 
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1700 ml of steep liquid in a 2-1 Erlenmeyer flask in a tliermostatically 
controlled bath. The bottom of the flask had been drawn downward 
into a shallow inverted cone. Steep liquid was withdrawn from the 
bottom at the center of the flask (i.e,, the lowest point) and returned 
through a circulating pump to the top of the flask. The steeping 
sy^stem was entirely closed, except for a small vent through the flask 
stopper. The bath temperature was recorded aiitomaticcilly through- 
out the steeping period. In sulfurous acid steeps, the sulfur dioxide 


Fig. 7. Cross section of dent' corn kernel, comparable to those sliown in Figures 4 and 6. after a 
24-hr 0.2% SOa steep. The cells appear smaller than those in the other tigures only because of varia- 
tions between individual corn kernels. Disintegration of the protein matri.x has proceeded so far that 
the network breaks considerably when the starch granules are removed; the weakened network has 
collapsed onto the cell walls. 500 X. 

content decreased to about one half its original value during a 24-hr 
period. Since the effect of only one steep constituent was under in- 
vestigation, no attempt was made to duplicate a commercial steep, 
which employs gluten overflow water containing appreciable quantities 
of substances (‘"solubles”) dissolved from the corn. 

After decantation of the steep liquor, the corn was gtound through 
a Hobart sausage mill, screened through No. 17 silk bolting cloth, and 
the starch collected by centrifuging. This crude starch was separated 
into prime-quality and “tailings” fractions by resuspending in distilled 
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water, centrifuging, and scraping the ‘failings'’ fraction layer from 
the surface of the starch. Washing and separation were repeated 4 to 
5 times, or until no layering was obtained on centrifuging. The prime- 
quality starch was dried in a forced draft oven at 40°C. 

Analytical methods and details of the procedure for viscosity de- 
terminations have been described elsewhere (MacMasters and Hilbert, 


Fig. 8. Portion of cross section of dent corn kernel after a 24~Ur 0.4% SO 2 steep. The protein 
matrix is almost completely disintegrated; the remaining pieces have dropped out during preparation 
of the section and only those supported by the cell walls are evident. 500 X. 


1944). Viscosities were taken with a Stormer viscometer, and hence 
are only qualitatively comparable with commercial viscosity data. 

After dent corn had been steeped in sulfur dioxide solution, the 
protein matrix was found to be more or less altered, the degree of change 
depending upon the concentration of sulfur dioxide in the steep. When 
distilled water or 0.10% sulfur dioxide steep was used, the protein net- 
work was still almost as distinct as originally and apparently almost as 
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Strong. (Cf. Figs. 4 and 6.) The network was more swollen, however, 
and its individual portions often appeared to be made up of tiny glob- 
ules of hydrated protein. After a 0.20% sulfur dioxide steep, the 
network was appreciably weakened and partially dispersed. Upon 
removal of the starch granules, the undispersed protein usually col- 
lapsed against the cell walls and appeared as a mass of material with 
little evidence of the original network films. This is shown in Figure 7. 
After a 0.4% sulfur dioxide steep, much of the protein had been dis- 
persed, and only a relatively small amount Iry along the cell walls 
after the starch had been removed (Fig. 8). These data are summar- 
ized in Table IL They refer to the greater part of the endosperm; 


TABLE II 

Effect of Nature of .Steep ox Starch-Protein Matrix Relations 
AND ON Recovery of Starch 


Steep 


Type Duration 


Starch 

Condition of protein in matrix recovery 


None 

hr 

Coarse network, holding- starch tightly 

% 

Distilled 

4 

Slightly less coarse, but holding starch 

— 

water 

Distilled 

24 

tightly 

Slightly less coarse than at 4 hr, but 

64 

water 

0.1% SO 2 

4 

holding starch tightlc^ 

Slightly less coarse than unsteeped, 

_ 

0 . 1 % so. 

24 

holding starch tightly 

Somewhat less coarse than at 4 hr, hold- 

82 

0 . 2 % so.. 

8 

ing starch tightly 

More dispersed than after 24-hr steep in 

_ 

0.2% SO-. 

24 

0.1% SO 2 

Not appreciably different from 8-hr 

83 

(13% SO. 

4 

sample 

Much dispersed 



0..5% SO. 

24 

In separate particles; no network re- 

88 

0.4% SOi 

4 

maining 

Indistinguishable from 4-hr steep in 



0.4% SO. 

24 

0.3%S02 

Indistinguishable from 4-hr sample 

89 


just under the aleurone layer, however, the protein matrix appeared 
more dense and did not disperse so readily. In this region, only 
hydration, comparable to that shown in Figure 6, was observed after 
all steeps except the 0.4% sulfur dioxide. After this steep many 
globules could be seen in the network. 

Disintegration of the protein matrix was more rapid in Cuzco corn 
than in dent (cf. Figs. 8, 9, and 10), and slower in popcorn. This would 
be expected from the comparative amounts of protein present. 

Several 0.2% sulfur dioxide steeps were run at temperatures below 
(38°, 43°) and above (52°, 55°) 49°C to determine what effects tempera- 
ture of the steep might have. Variations in starch recovery were not 
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significant under laboratory processing conditions although processing 
was easier the higher the temperature used. It is well known by the 
industry, however, that the temperature of the steep employed at the 
factory has a profound effect upon both the ease of processing and the 
amount of starch recovered. 
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W'hen the sulfur dioxide concentration was increased to 0.4hh, 
steeping at 52°C dispersed the protein in most of the endosperm almost 
completely; in the cells just under the aleurone layer considerable dis- 
persion had occurred, but many globules were still present. 



Fig. 10. Portion of cross section of Cuzco corn kernel after a 24-Iir 0.4% SO 2 steep. The protein 
network is largely disintegrated and dispersed; remaining portions have fallen back against the cell walls. 
Note that the three-dimensional character of the network is clearly evident in this picture. 200 X. 


The apparent sequence of protein hydration, formation of globules, 
and subsequent progressive disintegration suggests that the formation 
of the globular bodies represents an early step in the disintegration of 
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the protein network, followed by breakage into small fragments, with 
some of the fractions going into ultimate colloidal dispersion. 

From the data, it is evident that both high sulfur dioxide concentra- 
tion and high steeping temperature lead to increased protein disintegra- 
tion and dispersion. The relationship between protein dispersion and 
starch recovery is probably due to the fact that the more disperse the 
protein the less starch it can carry into the tailings or gluten fraction, 
and, hence, the greater the amount of prime-quality starch left on the 
table or in the centrifuge. These results on the disintegration of pro- 
tein by sulfur dioxide are corroborated by the behavior of the gluten 
fraction from water-steeped corn kept overnight at 49°C in 0.2% sulfur 
dioxide and in distilled water. In both instances the protein was still 
in microscopic aggregates, but after the sulfur dioxide steep these were 
of only about one fourth the diameter of those remaining after the water 
steep. These partially disintegrated aggregates were found to be 
birefringent. 

In order to determine whether the softening action of sulfurous acid 
upon the corn kernel might be due to acidity, steeps were run using- 
acetic and hydrochloric acids, respectively, in concentrations equiva- 
lent to a 0.2% sulfur dioxide solution. Corn steeped in acetic acid 
solution was somewhat hard to grind, and separation of starch from 
gluten was difficult. A 70% recovery of starch, containing 0.10% 
nitrogen (dry basis), was obtained. After the hydrochloric acid steep, 
the corn was ground with difficulty. Separation of starch from gluten 
was fairly easy, but only a 56% recovery of starch, containing 0.07% 
nitrogen (dr}' basis), was obtained. The relatively low yield of starch 
was in part due to the difficulty in grinding the horny endosperm to a 
finely divided condition. As a result, there were many large particles 
of horny endosperm screened awa\^ from the crude starch. 

Similar results were obtained when acetic and h\-drochloric acid 
steeps at pH 1.68 to 1.70, equivalent to that of 0.2% sulfur dioxide, 
were used. A corn sample steeped only 4 hr in sulfurous acid solution 
was as easy to process as that steeped for 24 hr in either acetic or hydro- 
chloric acid solution. It was concluded that acidity can play no more 
than a minor role in softening the corn kernel and loosening the gluten 
from around the starch granules. 

The action of lactic acid as a steeping agent was also studied, since 
during industrial steeping a considerable amount of this acid is formed 
by microbial action and is believed by some industrialists to exert a 
favorable action in the steeping process. Lactic acid in 0.1% concen- 
tration effected protein disintegration approximating that brought 
about by a water steep, and softening roughly equal to that found after 
a 0.1% sulfur dioxide steep. Both 0.2% and 1% lactic acid steeps 
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produced protein disintegration about equal to that given by a 0.1% 
sulfur dioxide steep, and softening approximating that produced by a 
0 . 2 % sulfur dioxide steep. A steep containing 0.1% sulfur dioxide 
and 0 . 1 % lactic acid effected protein disintegration about equal to 
that resulting from a 0.2% sulfur dioxide steep, but produced slightly 
more softening than the latter. After the steep containing 0.1% sulfur 
dioxide and 0.1% lactic acid, the degree of protein disintegration was 
equal to that produced by a 0.1% sulfur dioxide and 0.2% lactic acid 
steep, but softening was considerably greater in the latter. Lactic acid 
has relatively little ability to disintegrate the protein matrix but does 
exert an appreciable influence in softening the corn kernel. The 
mechanism of its action is at present inexplicable. 

Since the action of sulfur dioxide is not due to its acidity, it might 
be assumed to be due to its reducing action, especially since sulfites and 
mercaptans are known to have considerable dispersing action on some 
proteins. Olcott, Sapirstein, and Blish (1943) have shown that reduc- 
ing agents have a double action in wheat glutens and flours, first a 
chemical action on the protein molecule, and second, an activation of 
the native proteinases present. It is reasonable to expect a similar 
double effect in corn. The action of reducing agents other than sul- 
furous acid on the corn protein matrix is under investigation. 

Steeping Studies on Artificially Driept Corn. It is common knowl- 
edge among corn wet millers that great difficulty is experienced in pro- 
cessing corn artificially dried at 180° to 200°F, apparently because of 
changes brought about in the endosperm. A sample of corn dried 
under these conditions was steeped in a 0.2% sulfur dioxide solution for 
24 hr at 49°C. The strands in the protein network appeared slightly 
narrower in the dried corn and upon steeping did not swell to the same 
extent as those in corn not artificially dried. The starch was, more- 
over, held more tenaciously by the protein matrix in the artificially 
dried sample. Protein dispersal during steeping appeared to be nearly 
normal, except that the disintegrating matrix left pieces which adhered 
closely to the starch granules. Upon extraction it was impossible to 
separate all of the gluten from the starch and a prime-quality starch, 
was not obtained. 

A second sample of corn, artificially dried at 120°F, appeared inter- 
mediate in behavior between corn dried in the field and that dried at 
180°to 200°F, 

■E/ed ofi Steep on Starch. Data showing the effect of the sulfur 
dioxide concentration of the steep upon noncarbohydrate constituents 
and viscosity of glutinous and nonglutinous corn starches are sum- 
marized in Table IIL Nitrogen, or protein, and phosphorus content 
increased as sulfur dioxide concentration of the steep increased; the 
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TABLE III 


Effect of Sulfur Dioxide Concentration of Steep upon 
Composition and Viscosity of Starches 

(All steeps were run at 49°C for 24 hr) 


Type of 
corn starch 

so 2 concentration 
of steep 

On vacuum-dried basis 

Relative 
viscosity ' 

Initial 

Final 

N 

p 

Ash 

MeOH 

extd. 

fat 

Initial 

10 min 


■% 

% 

% 

% 

% 

% 

3.5% paste 

Nonglutinous 

0.00 

0.00 

0.03 

0.013 

0.06 

0.64 

7.1 

6.1 

(Iowa 

0.1 

0.05 

0.04 

0.016 

0.06 

0.53 

5.1 

4.0 

hybrid 939) 

0.2 

0.1 

0.05 

0.020 

0.05 

0.59 

4.6 

4.5 


0.4 

0.2 

0.06 

0.021 

0.06 

0.70 

3.6 

3.2 



■ 





2% paste 

Glutinous 

0.00 ^ 

0.00 

0.03 I 

0.006 

0.03 

0.20 

4.2 

2.5 

(lowax 1) 

0.1 

0.06 

0.03 

0.009 

0.04 

0.16 

2.4 

2.1 


0.2 

0.1 

0.05 

0.013 

0.05 

0.20 

2.5 

2.0 


0.4 

0.2 

0.08 

0.014 

0.05 

0.24 

1.7 

1.6 


1 Glutinous starch has a much higher viscosity than nqnglutinous; hence, viscosity deterrninations 
were made on 2% pastes of the former and 3.5% pastes of the latter. The initial and 10-min values 
are those obtained immediately after placing the paste in the Stormer viscometer and after the eleventh 
reading taken at the end of 10 min, respectively. 


amount of methanol-extractable fat, however, remained relatively con- 
stant. In the nonglutinous corn starch the ash also remained constant, 
but in the glutinous it increased with increasing sulfur dioxide con- 
centration of the steep. 

Starch extracted from either glutinous or nonglutinous corn after a 
0.1% sulfur dioxide steep was appreciably lower in viscosity than that 
extracted after a water steep. The higher the sulfur dioxide concentra- 
tion of the steep, from 0.1 to 0.4%, the lower was the viscosity of the 
starch extracted. Vascosity tended to vary inversely with the nitrogen 
and phosphorus contents of the starches. Sulfur dioxide concentration 
of the steep was not found to have any appreciable bleaching effect upon 
the starch. 

Summary and Conclusions 

A method has been developed for following situ changes occurring 
in structural protein when corn kernels and, presumably, other cereals 
are subjected to various conditions. By utilization of this method, it 
has been found that sulfurous acid in the steep used in the wet-milling 
process for corn starch extraction has a specific effect in facilitating the 
separation of starch from protein, 

A technique has been developed whereby the starch granules can be 
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removed from a section of the kerneh leaving: the }3roteiii network 
clearly visible. Birefringence of this network indicates that the 
molecules in it are largely oriented. 

In corn kernels the starch in the endosperm cells lies embedded in a 
proteinaceous matrix. The smaller starch granules and protein pre- 
dominate in the cells just under the aieiirone layer, while larger gran- 
ules and less protein lie nearer the center of the kernel. In horny endo- 
sperm, in general, the protein content is about twice that of the floury 
endosperm. 

Considerable peptization of the protein is effected when corn kernels 
are subjected to a siilfurous acid steep. At 38° to 43°C, a 0.2% sulfur 
dioxide steep leaves much of the protein in globules or in strands ending- 
in globules. At 49° to 55°C greater dispersion of the protein results 
from steeping, and globules are found only in the cells just under the 
aleurone, where protein packing is most dense. The steep causes more 
complete protein dispersion, the higher the temperature (38° to 5v5°C), 
and the greater the sulfur dioxide content (0 to 0.4%)). 

Sulfurous acid apparently effects disintegration and dispersal of the 
protein matrix more by its reducing action than by its acidity. It can- 
not be successfully substituted by lactic, acetic, or hydrochloric acid in 
equivalent concentration, or by acetic or hydrochloric acid at the same 
pH. Addition of lactic acid to a sulfurous acid steep increases soften- 
ing of the kernel. 

Both glutinous and nonglutinous corn starch contain more nitrogen 
and phosphorus and have lower paste viscosity the higher the sulfur 
dioxide content of the steep used prior to extraction (from 0 to 0.4%). 
In glutinous corn starch, the ash content also is greater. The fat 
content of the starch is not affected by the steep. 

It is difficult or impossible to separate prime-quality starch from 
corn dried artificially at high temperatures, since the protein adheres 
to the starch granules with unusual tenacity. The difficulty is greater 
the higher the temperature at which the corn has been dried. 

The specific action of sulfurous acid in the steep is to disintegrate 
the protein matrix throughout the kernel, and, in consequence, to 
facilitate complete hydration with consequent softening of the kernel. 
This action is suggested to be due mainly to the reducing action of the 
sulfurous acid. Bleaching of the starch by the sulfurous acid during 
steeping is apparently negligible. 
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EFFECT OF PROTEIN CONTENT AND GRADE ON 
FARINOGRAMS, EXTENSOGRAMS, AND 
ALVEOGRAMS ' 

T. R. Aitken, M. H. Fisher, and J. A. Anderson 

Grain Research Laboratory, Board of Grain Commissioners for Canada, 
Winnipeg, Manitoba 

(Presented at the Annual Meeting, May 1944; received for publication May 16, 1944) 

Machines designed to measure the phy-sical properties of doughs 
are used in many cereal laboratories. In Great Britain and in conti- 
nental Europe, the Farinograph and Extensimeter are used extensively' 
for mill control on wheats imported for blending, and it is claimed that 
the machines provide useful information unobtainable by^ other means. 
In Argentina, the government authorities place considerable impor- 
tance on the phy^sical characteristics of the dough in establishing their 
standard wheat samples, and reproductions of Farinograms and of 
Alveograms for different grades are prominently^ displnyx^l in their crop 
bulletins. In North America, cereal chemists rely^ largely on baking 
tests and subsidiary analy^ses for evaluating wheat and flour qualityb 
although an increasing interest in dough-testing machines is, apparent. 

* It would perhaps be generally agreed that dough-testing machines, 
apart from the recording ty?-pe of dough mixer (Farinograph and Mixo- 
graph), have not been investigated widely enough to demonstrate their 
utility for assessing the quality of North iVmerican wheats. In Canada 
this lack of interest is not surprising, for Canadian wheat owes its 
position in world markets to its strength, a property that can be eval- 
uated adequately^ by baking tests. Nevertheless, the widespread use 

1 Paper No. 68 of the Grain Research Laboratory and No. 229 of the Associate Committee on Grain 
Research (Canada). 
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of dough-testing machines by importers of Canadian wheat made it 
advisable for the Board of Grain Commissioners’ laboratory to acquire, 
in addition to the Brabender Farinograph, a Brabender Extensograph 
and a Chopin Alveograph, and studies of these machines were started 
some years ago. This paper deals primarily with the effect of protein 
content and grade on the types of curves produced. The work was 
done in 1940 with a comparatively small number of samples, and it was 
the intention to repeat it with a larger number of samples in order that 
more adequate correlation studies might be made. However, as op- 
portunity for repeating the studies has not presented itself, it now seems 
advisable to publish the original results. 

The influence of protein content on Farinograph curves has been 
investigated in this and other laboratories. xAitken and Geddes (1938) 
reported that the dough characteristics measured by the Farinograph 
are not merely a reflection of protein content; for certain flours of the 
same protein content and loaf volume gave quite different types of 
curves. lii a later study on gluten-enriched Canadian flours, the same 
authors (1939) modified this statement when they found that dough- 
development time and absorption increased with each increment in 
protein content. Markley (1938), in a study of the dough properties 
of flour-starch-water systems, also reported that dough -development 
time is a function of the amount of protein when this is over 7%, but 
that at lower levels there is no differentiation. Markley and Bailey 
(1939), in their statistical study of dough formation in an extensive and 
diverse series of flours, concluded that protein content is highly cor- 
related with dough-development time and with absorption. Geddes, 
Aitken, and Fisher (1940) showed that dough-development time and 
curve consistency decreases were, respectively, positively and nega- 
tively correlated with protein content: and they also presented con- 
siderable data on Farinograms for different grades of Western Canadian 
wheat. 

In an investigation of the Extensograph for predicting baking qual- 
ity, Munz and Brabender (1940a) mention that there is some relation 
between protein content and area under the Extensogram. This state- 
ment was based on results for “artificial” flours, whose protein con- 
tents were either lowered by the addition of starch or raised by enrich- 
ment with wet gluten, and doubt was expressed as to whether such 
flours possessed properties that were identical with those of the original 
material. The scientific literature does not appear to contain any 
reference to the effect of protein content on Alveograms. 

Investigation of the utility of the Farinograph, the Extensograph, 
and the i\lveograph for evaluating the quality of Western Canadian 
wheat was begun several years ago, and some of the results obtained 
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have been referred to briefly in crop bulletins and in the annual reports 
of the laboratory. As a first step, the machines were used in routine 
studies of the comparative dough properties of average samples of 
different grade. Such samples provide a useful test of the machines, 
for they include wheats that are similar and others that vary widely in 
both protein content and baking quality. Moreover, their real values 
are well established and known to both domestic millers and millers in 
other countries. In general, the results showed that wide differences 
between certain grades were indicated by all the machines, but it 
appeared that these differences were closely related to protein content. 

To obtain further information on the effect of protein content on 
Farinograms, Extensogranis, and Alveograms, two special sets of sam- 
ples were collected. These consisted of a series of wheats that varied 
widely in both protein content and baking strength, and a series of 
wheats that was essentially the same in these respects. These series, 
though small, were collected with considerable difficulty and are not 
easily duplicated. The present paper deals with the results obtained 
with these two sets of samples and with typical samples representing 
averages for different grades. The results for each series are discussed 
in separate sections. 

Methods ^ ‘ 

The Farinograph and Extensograph used in these studies are essen- 
tially the same as those described by Bailey (1940) in his comprehensive 
review of “Physical Tests of Flour Quality.” The Alveograph is the 
redesigned Chopin BZxtensimeter which he also describes. 

Brabender Farinograph, Two types of Farinograms were made, the 
normal curve and a high-speed curve. The procedure for the normal 
curve involved the use of a 50-g mixer and was the same as that outlined 
by Geddes et al (1940). Single Farinograms were made for each sam- 
ple and dough-development time was the only measurement recorded. 
In this laboratory the standard error of the mean of duplicate curves is 
of the order of 0.3 min for this measurement. 

The high-speed curve was developed by this laboratory in an effort 
to obtain greater differentiation among samples which usually show 
little or no differentiation by the normal curve. A 50-g mixer wns 
modified by introducing additional gears so as to increase the speed of 
the mixing blades 2.3 times. The high-speed curve is made in the same 
manner as the normal curve, but the weight on the lever system is set 
in the position recommended for the 300-g mixer. This change is 
necessary to obtain a curve that falls within the range of the Farino- 
graph scale. The dough consistency level corresponds to 400 Farino- 
graph units. In evaluating high-speed curves, small deviations above 
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or below the 400 unit line are disregarded. On account of the rapid 
breakdown of the dough, 10 min mixing time is ample. The curve is 
interpreted in the same way as the normal curve, but there is a distinct 
break, and this affords an extra measurement. 

The latest model of the Farinograph is equipped with a double- 
speed mixer; a normal speed of 60 rpm is provided for bread flours, and 
a slow speed of 30 rpm is provided for soft flours. x\ccording to the 
Brabender Corporation, slow-speed mixing was introduced to bring 
about gentle development of soft-flour gluten with minimum abuse of 
the dough. The principle is the same as that employed in this labora- 
tory, but whereas we experimented with a higher speed to obtain faster 
development of strong flours, they use the reverse to obtain slower 
development of weak flours. 

Brabejider Extensograph, Prior to making a test, certain precau- 
tions must be taken with the dough mixer, and adjustment of the 
stretching and recording mechanism may also be necessary; otherwise 
faulty and misleading curves will be obtained. 

The operating instructions supplied with the Extensograph state 
that all doughs must be mixed in a clean Farinograph mixer after one, 
and possibly two, cleaning doughs have been mixed and discarded. 
The explanation given for this is that a ver}’ flne layer of copper oxide 
forms on the surfaces of the mixer overnight, or on long standing, which 
greatly influences the curves. To determine the minimum number of 
cleaning doughs that are necessary, and also the time interval between 
tests when additional cleaning doughs are required, a preliminary study 
was made using various numbers of cleaning doughs, and with the 
mixer standing empty for different lengths of time. The results 
showed that after the mixer stood empty overnight and over a week- 
end, at least two cleaning doughs are necessary. After a 2-hr interval 
between mixings, one cleaning dough is required, but after a 4-hr 
interval two cleaning doughs again seem necessary. For safety, it is 
the standard practice in this laboratory to employ three cleaning 
doughs, each mixed for 5 min, before mixing a set of samples for 
Extensograph tests. 

Proper centering of the dough hook is essential, and this can be 
done by means of the screw situated above it. The dough hook must 
be positioned in the center of the exposed portion of the dough when it 
first makes contact with it. If it is slightly to the left, or to the right, 
the dough may tear on one side when breaking and the length of the 
curve may be longer than when the dough breaks evenly on both sides. 

The necessity for these precautions has been confirmed by Snod- 
grass - in his investigation of the reproducibility of Extensograms. In 

2 Private communications from E. I. Snodgrass. Washington Mills, Glasgow, Scotland- 
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addition to linding' that centering of the dough hook overcame the 
uneven tearing of the dough when it broke, he observed that several 
cleaning doughs were required to minimize the effect of the copper 
poisoning of the mixer. He considers that two cleaning doughs are 
adequate but additional cleaning doughs are necessary if the time 
between tests exceeds 5 min. 

To conserve paper, and to facilitate comparison of curves, it is ad- 
vantageous to turn back the kymograph paper on completion of each 
curve so that replicate curves, and those for each rest period, are super- 
imposed. It is advantageous to start all curves from the same zero 
mark, and this can be facilitated by installing the mechanism shown in 
Figure 1 just above the contact that controls the kymograph. A trip 



Fig. 1. Drawing of trip switch for Extensograph. 


lever A, pivoted at B and with stop pin C, is attached to the dough 
hook D; and a normally closed, snap action, '‘micro-switch” E is 
attached to the column. The switch is actuated by an arm F, pivoted 
at G, and provided with a flexible extension F/ and a screw I for making 
fine adjustments in height. The descending hook is stopped just above 
the dough when the lever A engages the flexible extension H on the 
switch, provided to take care of the dying momentum of the hook after 
the motor is switched off. By pressing the button J, the lever and 
switch are disengaged (see detail) and the hook starts descending again. 
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This mechcinism automatically stops the hook in the same position 
each time, and the kymograph paper can be adjusted so that the pen 
draws duplicate curves from the same starting point. 

The Extensograph used in this laboratory has a paper veIocit>^ of 
6.8 mm per sec and a hook velocity of 14.6 mm per sec. The tension 
on the balance corresponded to 200 units on the Extensograph paper 
with a balancing weight of 550 g.^ 

The routine testing procedure is the same as that outlined by Mimz 
and Brabender (1940), with the exception that the absorption of the 
300 g of flour is adjusted to 600 instead of 500 E'arinograph units, and 
duplicate curves are made after a rest period of 135 min instead of 
after 60 min. (In some studies made in this laboratory, curves are also 
made after a rest period of 45 min.) Two curve measurements are 
made: maximum height (cm), which measures the resistance of the 
dough to extension; and maximum length (cm), which measures the 
extensibility of the dough from moment of first stretching to the final 
break. The standard error of the mean of duplicate curves is of the 
order of ±0.7 cm for an average length of 20 cm, and ±0.2 cm for 
an average height of 6.5 cm. 

Chopm Akeograph. In this test a fixed absorption is recommended 
because adjusting the absorption to suit a particular flour frequently 
causes the curve to run off the kymograph paper. Kent-Jones (1939) 
states that testing doughs at similar consistencies (variable absorption) 
does not alter the order of evaluation of flours, though differences 
between strong and weak flours may be reduced. Although the ab- 
sorption level varies with different classes of flour, 48% has been found 
satisfactory for flours milled experimentally from Western Canadian 
wheat. Dough consisting of 250 g flour (13.5% moisture basis) and 
sufficient 2.5% sodium chloride solution to bring the absorption to 
48% is mixed for 6 min in the Petrin extracteur.’’ The dough is then 
extruded and cut into five discs of uniform size. The discs are trans- 
ferred to a fermentation chamber (25°C) where they remain for 20 min. 
Each disc of dough, in turn, is then transferred to the Alveograph 
where it is inflated and the curve recorded. At the moment the bubble 
ruptures, the volume of the liquid in the gasometer is recorded ('‘G” 
value). Three measurements are taken from the mean curve: maxi- 
mum height (cm), wRich measures the pressure applied during inflation ; 
maximum length (cm), which measures the extensibility of dough from 
first application of pressure to the point where the surface of the bubble 
ruptures; and area under the curve (in square cm). With the aid of 
the ‘"G” value and the area, a value “W’' is computed using the 

3 Since these studies were made, the tension on the balance has been changed to correspond to 
200 paper units with a balancing weight of 470 g. 
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formula: W = K X C X S/L; where K is a constant (manometer cor- 
rection coefficient); C, a value associated with the volume of liquid in 
the gasometer; S, the area under the curve; and L, the length of the 
curve in millimeters. The value for W is considered to be a quantita- 
tive measure of the total work (number of ergs) required to extend the 
dough. The standard error of the mean of five replicate curves is of 
the order of ± 0.4 cm for an average length of 11 cm, and d= 0.2 cm 
for an average height of 8.5 cm. 

Baking. All loaves were baked by the malt-phosphate-bromate 
procedure according to the method outlined by Geddes el al (1940). 

The Variable Protein Series 

About 7,000 samples of wheat, of grades 1, 2, and 3 Northern, were 
collected and analyzed for a protein survey of the 1939 crop of Western 
Canadian wheat. These were subsequently composited within 0.5% 
protein ranges to provide a series of samples for the present investiga- 
tion. A number of the composite samples, at the extreme ends of the 
protein range, were too small for studies with all machines, but eight 
samples ranging in protein content from 11.7 to 15.0% were obtained. 
Annual surveys have shown that in most years 70% of the Western 
Canadian wheat crop falls within this protein range. 

The wheats were milled to yield in a Buhler mill and the resulting 
flours had the following protein contents and loaf volumes: 

Protein content, % 11.1 11.4 12,1 12.4 12.9 13.6 14.1 14.4 

Loaf volume, cc 600 635 680 715 765 750 845 875 

In any series of composite samples, each representing several 
hundred cars of grain of essentially the same protein content, all varia- 
tions in properties except those closely associated with protein content 
are eliminated. The series then serves admirably for investigations of 
relations with protein content, but for nothing else. For instance, it 
will not serve for a study of the relations between Farinogram measure- 
ments and loaf volume; for loaf volume is so closely related to protein 
content (r = 0.99) that every property that is correlated with the 
latter must also be correlated with the former. Nor can this problem 
be solved by partial correlations; for the variations in loaf volume thAt 
are not associated with variations in protein are so small as to provide 
no scope for partial correlations. Accordingly, it will be profitable 
with the variable protein series to deal only with the relations between 
the curve measurements (for Farinograms, Extensograms, and Aiveo- 
grams) on the one hand, and protein content on the other. 

, As the curves are ntore informative than tables of measurements of 
them, the curves are reproduced in Figure 2. The normal and higfe- 
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Fig. 2. Farinograms (left), Extensograms (center), and Alveograms (right) for composite samples of 

increasing protein content. 

Speed Farinograms are on the left; the Extensograms (135-min rest 
period) are in the middle; and the Alveograms are on the right. 

Farinograms. As the protein increases from 11.1 to 14.4%, the 
following changes occur in the Farinograms: (1) tlae time (development 
time) required to produce maximum dough consistency increases from 
2,75 to 7.0 rain in the normal curves, and from 1.75 to 3.0 min in the 
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high-speed curves; (2) the rate at which the dough loses its maximum 
consistency decreases in both types of curve; and (3) the time (break 
time) required to bring about the change in consistency that occurs 
when the dough becomes sticky — shown by a break in the falling curve 
— increases from 4.0 to 5.75 min in the high-speed curves. In short, 
with increasing protein content there is a gradual change from a sharply 
rising curve, which falls off rapidly and shows an early break (more 
apparent in the high-speed curves), to a curve that rises more slowly 
and drops not at all or less rapidly. 

The closeness of the associations between these changes and chang- 
ing protein content can be summarized by correlation coefficients; but 
high correlations must be discounted because there are only eight pairs 
of values (n = 6). The coefficients,^ listed below, for all Farinogram 
measurements are all of essentially the same order; the regression coeffi- 
cients, the average increase in each measurement per 1% increase in 


protein content, are also listed. 

Correlation Regression 

coefficient coefficient 

Normal, development time X protein 0.94’’** 1.13 

High-speed, development time X protein 0.95** 0.36 

High-speed, break time X protein 0.92** 0.58 


These values are considerably lower than the correlation between 
protein content and loaf volume, r = 0.99. In general, the results are 
in accord with those reported by Geddes et al (1940) for development 
time (normal curve), and by Malloch (1938), who studied the break in 
curves produced by a recording mixer of his own design. 

Extensogrmns, Figure 2 shows that with increasing protein content 
the length of the curve, which represents the distance that the dough 
stretches before it breaks, increases fairly regularly from 16.4 to 25.0 
cm; and that the height of the curve, which measures the resivStance of 
the dough to stretching, increases over a narrower range, and less regu- 
larly, from 4.6 to 6.6 cm. The curves become much longer and a little 
higher as protein content increases. Though the area under the curves 
was not measured, it is obvious from inspection, and from consideration 
of the data on length and height, that it increases with increasing 
protein content; the observation of Miinz and Brabender (194()a) is 
thus confirmed. 

There are only seven pairs of values for calculating correlation and 
regression coefficients and this point must be borne in mind in consider- 
ing the following statistics. 

Correlation Regression 

coefficient coefficient 

Extensibility X protein 0.96** 2.26 

Resistance to extension X protein 0,77* 0,46 

Throughout this paper, a single asterisk is used to denote that the correlation coefficients exceed 
the 5% level of significance, and double asterisks show it exceeds the 1% level. 
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The correlation for extensibility (length) and protein is of the same 
order as the Farinogram correlations, but that for resistance to exten- 
sion (height) is considerably lower. 

Alveograms, As protein content increases there is a regular in- 
crease in the length of the Alveogram from 7.2 to 12.4 cm, and a regular 
decrease in height from 10.0 to 7.9 cm. In addition, the work done (as 
calculated from the formula given previously) increases from 325 to 
428 units. The length of the curve represents the time required to 
burst the bubble, which is inflated under an essentially constant head 
of water; length is thus a measure of the extensibility of the dough. 
The height of the Alveogram measures the maximum pressure under 
the dough just after inflation starts; it appears to be associated with 
the stiffness, shortness, and tightness of the dough. Thus Alveogram 
height represents an entirely different property from Extensogram 
height; indeed this is obvious from the curves, which show that the 
height of the Alveogram decreases and that of the Extensogram in- 
creases with increasing protein content. On the other hand, the 
lengths of both curves measure essentially the same property, extensi- 
bility, albeit under different conditions of extension. On the whole, 
it appears that in the Alveograms the work done (W) provides the best 
measure of resistance to extension, the property represented by the 
height of the Extensogram. Both these measurements increase with 
increasing protein content. 

The correlation and regression coefficients (n == 6) for the Alveo- 
gram measurements and protein content are : 


Correlation Regression 

coefficient coefficient 

Extensibility (length) X protein 0,99** 1.54 

Initial stiffness (height) X protein —0.88** —0.62 

Resistance to extension (W) X protein 0.74* 25.2 


The extensibility, as measured by the Alveograph, is apparently more 
closely related to protein content than any other property measured 
by this or the other machines; the correlation coefiicient is as high as 
that for protein and loaf volume, though it is by no means certain that 
this result would be confirmed by a more extensive study. The correla- 
tion for protein and resistance to extension is of the same order for the 
Aiveogram as for the Extensogram. It will also be noted that the 
height of the Alveogram is the only measurement on all types of curves 
that is inversely related to protein content. 

Regression Coejfficients. For practical purposes, the regression coef- 
ficients that have been listed in the preceding subsections appear to 
represent the most useful information contained in this paper. More- 
over, they should be quite reliable because, though only eight or nine 
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pairs of values were available for calculating them, the samples repre- 
sent many subsamples composited to give a series that can vary only 
in protein content and in properties closely associated with it. 

It will have been noted that the changes in the curve measurements 
for a 1% increase in protein content are quite large: the development 
time of the normal Farinogram increases by 1.1 min; the length and 
height of the Extensogram increase by 2.26 cm and 0,46 cm, respec- 
tively; Alveogram length increases by 1.54 cm, and height decreases by 
0.62 cm. Under these conditions, it is clear that the interpretation of 
any of these curves for samples of different protein content (such as are 
found in any normal series of commercial samples) is likely to be based 
mainly on the effects of the differences in protein content, unless pains 
are taken to discount them. The regression coefficients are especially 
useful for this purpose. 

The Uniform Protein Series 

The samples in this series represented individual parcels of grain 
shipped from different areas of Western Canada, but it is almost certain 
that each was a mixture of wheats from different farms. A number of 
samples of the same protein content were first collected. These were 
milled and the flours were baked, and the resulting data were used to 
select samples of flour of essentially uniform protein content giving 
loaves of about the same size. Nine samples were obtained, and the 
protein contents and loaf volumes for these were: 

Sample B I D C A G E F H 

Protein content, % 13.1 13.2 13.2 13.2 13.3 13.3 13.4 13.4 13.5 

Loaf volume, cc 745 785 740 750 790 740 755 795 745 

The spreads were thus 0.4% for protein content and 55 cc for loaf 
volume. It should be added that no differences between the handling 
properties of the doughs could be detected by the baker. 

This series makes it possible to examine (1) the ability of the 
machines to differentiate between samples that cannot be differentiated 
by the protein determination and the malt-phosphate-bromate baking- 
test, and (2) to examine the relations between the measurements made 
by the different machines. It will be noted that the second study is 
equivalent to the calculation of partial correlation coefficients inde- 
pendent of both protein and loaf volume; and it is much more effective 
and convincing than the calculated partial correlation coefficients. 

It was the intention to obtain a series of samples with equal protein 
content but different loaf volumes, and a series of samples with equal 
loaf volumes but different protein contents. Studies of these would 
have been equivalent to calculations of partial coefficients independenj: 
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of loaf volume, and of partial coefficients independent of protein con- 
tent. Unfortunately, it was not possible to collect suitable' series of 
these types. 

Differentiation between Samples, The curves for this series, ar- 
ranged in order of increasing Alveogram length, are shown in Figure 3. 
Though the spread in protein content was only 0.4%, there is about as 
much variation in curve type as in the variable protein series which has 
a spread of 3.3%. 

In the normal Farinograms, development time ranges from 4.75 min 
for sample G to 8 min for sample C; but in the high-speed curves, the 
spread is only 2.25, F, G, and H, to 2.75, A, B, C, D, and E. On the 
other hand, the spread in the break time of the high-speed curves is 
comparatively large, from 5.25 min for F and I to 8.0 min for C. 

Among the Extensograms, the extensibility (length) varies from 
19.8 cm for F to 23.8 cm for D; and the resistance to extension (height) 
varies from 5.3 cm for I to 8.9 cm for C. 

The Alveograms are no more uniform. Extensibility (length) 
ranges from 9.7 cm for A to 12.6 cm for I; stiffness (height) from 7.8 cm 
for G, 77, and I to 10.6 cm for A ; and work done (W) from 390 units 
for F to 504 units for D. 

It is thus apparent that all machines were able to demonstrate that 
differences in ph^^sical properties existed between samples that differed 
little in protein content or in loaf volume obtained with the malt- 
phosphate-bromate formula. 

The machines do not agree entirely on which samples are similar 
and which dissimilar. That the Farinograph should yield results that 
differ from those of the other machines is hardly surprising since it 
operates on an entirely different principle and measures different 
properties. In development time, the high-speed and normal curves 
show moderate agreement — possibly as much as could be expected 
with such little differentiation between high-speed curves. The three 
samples that have normal curves with the shortest development times 
are classified as equal and lowest (2.25 min) by the high-speed curves ; 
the four samples that have normal curves with the longest times are 
classified as equal and high (2.75 min) by the high-speed curves; and 
of the remaining two curves, which have values of 5.5 min for the 
normal curves, one is classified as high (2.75 min) and one as inter- 
mediate (2.5 min) by the high-speed curves. 

The Extensograms and Alveograms might reasonably be expected 
to classify samples in the same way because they measure similar 
properties. They did not invariably do so. For instance, on the 
basis of dough extensibility (length) both machines classify samples 
G4, S, C, E, and 77, in the same manner; but the Extensogram classifies 
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sample D as highly extensible and samples F and G as having little 
extensibility, whereas the Alveograph classified all three samples in the 
intermediate range. In addition, sample /, which is most extensible 
according to the Alveograph, is only in the middle range for the 
Extensograph. 

If the height of the Extensogram and the work done (W) by the 
Alveograph can be considered to measure essentially the same property, 
resistance to extension, then a further comparison can be made. The 
machines agree that samples F, H, and I have low values (Alveogram 
W = 390, 395, and 397 units; Extensogram height = 5.5, 5.8, and 5.3 
cm), and that samples B amd E have fairly high values (Alveogram 
W = 441 and 447 ; Extensogram height = 7.4 and 7.9 cm). But sam- 
ple C is classed as highest by the Extensograph (8.9 cm) and only as 
intermediate by the ^Alveograph (W = 428), whereas samples D and A 
(W == 504 and 482) are classed as highest by the Alveograph and only" 
as intermediate by" the Extensograph (height =7.1 and 6.4 cm). 

Relations among Curve Measurements. The relations between the 
various pairs of curve measurements can best be studied with the aid 
of the correlation coefficients given in Table 1. Those for development 


TABLE I 

Correlation Coefficients for Curve Measurements 
Nine samples (n == 7) 


Variable 

Farino- 

gram, 

' Extensogram 

Alveogram 


high-speed 
break time 

Height 

Length 

Height 

Length 

Work 

Farinogram 

Normal development time 

0.72* 

0.80** 

0.40 

0.34 

-0.44 

0.59 

High-speed break time 


0.95** 

0.11 

0-23 

-0,50 

0.40 

Extensogram 

Height 

Length 

Almogram 1 

Height ' 

Length 



0.15 

0.27 

0.07 

-0.58 

0.19 

-0-84 

0.43 

0.44 

OM** 

-0.69^ 


time of the high-speed Farinograms have not been included because the 
machine classified all samples but two into two distinct groups, and 
there is thus the danger of obtaining significant correlation coefficients 
which are entirely spurious. All other measurements cover their 
ranges with sufficient uniformity to avoid this pitfall. * 

The highest correlation is between high-speed break time and the 
height of the Extensogram. A fundamental relation may well be 
involved, because break time represents the amount of mixing the 
dough will Stand .before it breaks down'* and becomes sticky, and 
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the height of the Extensogram represents the distance that the dough 
can be stretched before it breaks; it is thus conceivable that both 
measurements are related to essentially the same dough property. 
Both break time and Extensogram height are also related to the deveh 
opmeiit time of the normal Farinogram, i.e,, to the amount of mixing 
required to develop maximum consistency of the dough. It thus 
appears that all three measurements are controlled, in part, by the 
same dough property or properties. 

The only other significant correlation coefficients involve Alveogram 
measurements. It is hardly surprising that the work (W) is related to 
both height and length of the curve because W is a function of the area 
under the curve, and height and length are involved in this measure- 
ment. There is also a high correlation between Alveogram height and 
Alveogram length, and this is inverse — the greater the height, the less 
the length. If it is correct that height measures mainly the stiffness 
and shortness of the dough, and that length measures mainly its ex- 
tensibility, then the inverse correlation seems reasonable; short, stiff 
doughs are least extensible. In considering Table 1 the reader should 
bear in mind that there were only nine pairs of values for each correla- 
tion, and it is therefore quite probable that a larger study would 
demonstrate additional significant correlations. 

There is one other matter of special interest: not only is there no 
significant correlation between xAlveogram length and Extensogram 
length but the correlation coefficient is the fourth lowest of those listed. 
This seems surprising since both measurements might reasonably be 
expected to reflect the extensibility of the dough. It must therefore be 
assumed that the measurements are made under such widely differing 
conditions that no correlation between the results is possible. 

Several differences between the techniques used with the two ma- 
chines are readily apparent. First, Extensograms are made with 
doughs of uniform consistency whereas Alveograms are made at uni- 
form absorption. If the former technique is the better for obtaining 
a “true” measure of extensibility, then it is easy to understand that 
the latter technique may give contradictory results with certain 
samples, and vice versa. Second, the Extensograph stretches the dough 
in only one direction, whereas the Alveograph stretches it in all direc- 
tions. Third, the Extensograph stretches the dough at a constant 
rate, which is essentially independent of the resistance of the dough to 
stretching; whereas the rate at which the Alveograph bubble expands 
and stretches the dough must be affected by the resistance of the dough 
to stretching. And fourth, whereas the Extensograph dough is made 
with water and sufficient salt solution to bring the salt content to 2%, 
the Alveograph dough is made with 2.5% salt solution and is also 
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Fig. 4. Farinograms (left), Extensograms (center), and Alveogranis (right) for average samples of the 
grades of the 1939 crop of Western Canadian wheat. 
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lubricated with oil. In these circumstances perhaps it is too much to 
expect the two machines to place a series of dough samples in essen- 
tially the same rank order with respect to extensibility. Further in- 
vestigation of this matter is obviously required. 

Grade Series for 1939 Crop 

Composite samples representing all cars of grain inspected iii the 
Western Division during the 1939-40 crop year were prepared for the 
grades 1 to 4 Northern, 4 and 5 Special, No. S, and 1 and 2 C.W. 
Garnet. Similar samples are prepared each year for certain routine 
studies, but as 1939-40 was the last crop year in which all these grades 
were represented, it is fortunate that this investigation was under- 
taken at that time. The introduction of rust-resistant varieties has 
made it unlikely that wheat will be graded into the Special grades in 
future unless there is a severe and widespread drouth. Moreover, 
during the past few years, the production of Garnet wheat has dropped 
rapidly and it seems probable that the variety and its grades will dis- 
appear entirely within a year or two. 

Each of the composite samples represented several million, and 
some represented many million bushels of wheat. Moreover, the 1939 
crop, with a mean protein content of 14.1%, was not far from the long- 
time average for Western Canadian hard red spring wheats. 

Differences among Grades. The curves for the grade series are shown 
in Figure 4, and the data for protein content, loaf volume, and curve 
measurements are given in Table 11. In both the figure and the table, 


TABLE II 


Protein Content, Loaf Volume, and Curve Measurements 
FOR Grade Series, 1939 Crop 


Grade 

Protein 

content 

Loaf 

volume 

Farinogram 

Extensogram 

Alveogram 

Normal 

High-speed 

Length 

Height 

Length 

Height 

Work 

Dev. 

time 

Dev. 

time 

Break 

time 


% , ^ 

cc 

mhi 

min 

min 

cm 

cm 

cm 

cm 

units 

No. 5 

11.1 

460 

2.0 

1.5 

5.0 

14.1 

5.2 

5.3 

12.6 

333' 

1 Gar. 

11.5 

525 

2.5 

2.0 

4.5 

14.9 1 

8.0 

6.0 

10.3 

320 

2 Gar. 

11.5 

525 

3,0 

2.0 

4.5 

16.3 

6.4 

6,2 

.9.4' 

289 

1 Nor. 

13.1 

780 

,'5.5 ' 

2.5 

5.75 

19.8 

8.4 

11.0 

8,3 

387 

2 Nor. 

13.0 

765 

5.5 1 

' 2.5 

6.0 

20.5 

6.7 

10.9 

8.8 

410 

3 Nor. 

13.4 ' 

785 

5.5 '! 

2.5 

5.75 

22.0 

6.4 

11,8 

8.8 

400 

4 Nor.' 

13.6 

750 

6.0 

2.75 

5.25 

23.1 

6,0 

11,1 

8.7 

'422,,', 

4 Spec. 

15.8 

885 

8.75 

3.5 

6.0 

23.2 

8.3 

12.3 

9,0 

499 

5 Spec. 

'16,5 

920 

10.0 

'.3.5 'S 

6.0 

21.5 

: 9.7,'',' 

12.1 

10.0 

557'' 
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the grades are arranged in order of increasing protein content, except 
that 1 Northern with a protein content of 13.1% has been placed 
above 2 Northern, which has a protein content of 13.0%. * 

Figure 4 shows that the curves divide the grades into three groups: 
No. 5 and the two Garnet grades, the four Northern grades, and the 
two Special grades. The Farinograms for the first group have short 
development times and sharp peaks, those for the second group have 
intermediate development times and rounded peaks, and those for the 
last group have very long development times and no pronounced peaks. 
The Extensograms and Alveograms for the first group are short, those 
for the middle group are intermediate, and those for the last group are 
long ; and the Alveograms for the first and last groups are higher than 
those for the middle group. 

Both protein content and loaf volume classify the samples into 
exactly the same groups. The values are low for the first group, inter- 
mediate for the middle group, and high for the last group. It is thus 
clear that a large proportion of the differences in curve measurements 
between grades is caused by differences in protein content. Accord- 
ingly, with this series, it will be most profitable to examine each group 
of grades separately to determine whether grading factors have an 
effect on curve measurements that is independent of the effect of 
protein content. 

The two Garnet grades have the same protein contents and might be 
expected to give identical curves. The Farinograms are much the 
same, except that the normal curve for 2 C. W. Garnet has a slightly 
longer development time than that for 1 C.W. Garnet. There is a 
greater difference between the Extensograms; that for 2 C.W. Garnet 
is shorter and taller than that for 1 C.W. Garnet. Between the Alveo- 
grams, there is little difference in length, but that for 1 C.W. Garnet 
is higher and gives a higher W value than that for 2 C.W. Garnet. 

The Northern grades show little difference in the development times 
of the Farinograms. But, neglecting 1 Northern, there is evidence of a 
slight decrease in break time with decreasing grade; and this is con- 
trary to expectations based on protein content, which increases with 
grade. In accordance with the results obtained with the variable 
protein series, Extensogram height and length would be expected to 
increase with increasing protein content, i,e., to increase slightly with 
decreasing grade. The length increases about as much as would be 
expected, but in 1 to 4 Northern, grading factors reverse the trend for 
height, which decreases with grade. Among the Alveograms, there 
are only small differences in length, somewhat larger ones in work, and 
no evidence of the decreases in height which should occur with increas- 
ing protein content. On the whole, the curves for different grades are 
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very similar. The small differences in protein content are not re- 
flected, but neither is there any clear cut effect of grade. 

xAIthough there is a relatively large difference in protein content be- 
tween the special grades, this is not reflected in all curve measurements. 
For example, the high-speed Farinograras are identical though there 
is an increase in the development time of the normal curve. No. 5 
Special has a shorter Extensograph length and a greater Alveogram 
height than No. 4 Special; and these results are contrary to expectations 
based on protein content. 

The 1939 grade series therefore shows that though protein content 
has a very large effect on curve type, there may be other dough proper- 
ties, related to grading factors, that affect the curves and tend to upset 
expectations based on protein content alone. Additional information 
on this point can be obtained by means of the correlation coefficients 
given in the following subsection. 

Correlation Studies. The pertinent correlation coefficients for the 
grade series are listed in Table III. Coefficients for the simple Correia^ 

TABLE III 

Correlation Coefficients for Curve Measurements, 

Protein Content, and Loaf Volume 

Nine pairs of values (n = 7) for simple correlations, and n = 6 for partial correlations 



Simple correlations 

• Partial correlation ’ 
With loaf volume 

Curve measurements 

With protein content 

With loaf volume 

Farinogram 

Normal, development time 

0.99** 

0.95** 

0.71* 

High-speed, break time 

0.78* 

0.89** 

0.23 

Extensogram 

Length 

0.83** 

0.94** 

0.80* 

Height 

0.68* 

0.61 

-0.08 

Alveogram 

Length 

0,87** 

0.98** 

0.96** 

Height 

-0.38 

-0.68* 

-0.98** 

Work (W) 

0.98** 

0.91** 

-0.01 


’ Independent of protein content. 


tions between curve measurements and protein content are given in 
the first column of data. Except for that with Alveogram height, all 
coefficients are significant, though two attain only the 5% level. The* 
high correlations must be partially discounted because there are only 
nine pairs of values, but it is apparent that most of the differences 
between grades with respect to dough development time and Alveo- 
graph work are associated with differences in protein content. With 
respect to other measurements, there is evidence of variations that are 
independent of protein' content/. 
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The simple correlations between curve , measurements and loaf 
volume are very interesting. Some are lower than the corresponding 
correlations with protein content, and some are higher. The latter 
are the more interesting because they suggest a relation between the 
curve measurement and loaf volume that is independent of the relation 
between loaf volume and protein content. The measurements in ques- 
tion are break time, Ex tensogram length, and length and height of the 
Alveogram ; ail these are more closely correlated with loaf volume than 
with protein content. 

In order to examine these relations further it is necessary to calcu- 
late the partial correlations between curve measurements and loaf 
volume, independent of protein content. This procedure gives ap- 
proximately the same results as would be obtained from a series of 
samples of the same protein content that differed in curve measure- 
ments and loaf volumes. The partial correlation coefficients exceed 
the 1% level of significance for Alveogram length and height, and the 
5% level for development time of the normal Farinogram and for 
Extensogram length. 

Accordingly, these measurements tell something about the loaf 
volumes that the sample will give that is not told by protein content 
alone. Among flours of equal protein content, those having longer 
development times may be expected to give the larger loaves by the 
malt-phosphate-bromate procedure; those having the greater extensi- 
bility, as measured by the length of either the Extensogram or the 
Alveogram , will give larger loaves ; and those that are least stiff (i.e . , that 
give low Alveograms) will give the larger loaves. These results, espe- 
cially those relating to Alveograms, appear to be quite definite in spite 
of the small number of samples available for the study. 

As a matter of interest, the multiple correlation coefficient for loaf 
volume on the one hand, and protein content and Alveogram height 
on the other, was calculated. This turned out to be R = 0.998** and 
this is significantly higher (1% level) than the corresponding simple 
correlation between protein content and loaf volume, r = 0.930**. 
Corresponding coefficients for the variable protein curves were R 
— 0.997** and r = 0.992**; and the significance of the added variable, 
•exceeded the vS% level These statistics suggest that it may well be 
possible to predict loaf volumes more accurately from protein content 
and Alveogram height than from protein content alone. But, as 
baking tests can be made more readily than Alveograms, further in- 
vestigation of this matter with a larger series of samples, though it may 
be of some theoretical interest, holds little promise of elaborating* prac- 
tical procedures. 
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Northern Grades Series 

The samples in this series represented grades 1,2,3, and 4 Northern 
for each of the five years 1939 to 1943 . For 1939, the samples repre- 
sented all shipments .made during the 1939-40 crop year. For the 
remaining years, the sample for each grade was made up by compositing 
several hundred individual samples collected all over Western Canada 
during the first eight or nine weeks after the crop started to move. 
The composite samples were used to obtain preliminary information 
on the quality of each new crop, and as the Farinograms, Extensograms, 
and Alveograms have been reproduced in the annual crop bulletins 
issued by the laboratory, there is no need to present them again. Data 
on protein content, loaf volume, and curve dimensions for all samples 
are given in Table IV. 

The data have been exhaustively and repeatedly studied by the 
authors, both individually and collectively, but to little avail. All 
conclusions are essentially negative. 

No consistent trends can be discovered by considering the differ- 
ences between grades within years. Because of the relatively small 
differences in protein content between grades, and keeping in mind the 
experimental errors, one would hardly expect to discover consistent 
relations between protein content and curve measurements in these sets 
of samples. Some effect of grade on curves might be expected if dough 
properties reflect any of the major grading factors. So far as the 
authors can determine, there is no evidence among the data for the 
individual years of a consistent relation between grade and any of the 
curve dimensions. And this conclusion is certainly supported by the 
mean data for each grade over all years; for the differences between 
grades are essentially negligible and by no means consistent. 

If the lengths for both Extensograms and Alveograms measure the 
extensibility of the dough, then in spite of some general agreement 
there is ample evidence of the ability of the two machines to contradict 
each other. For instance, in 1940 the Extensograms indicate that 3* 
Northern is decidedly more extensible than 4 Northern, but the Alveo- 
gram indicates that 4 Northern is slightly more extensible than 3 
Northern. Again, in 1939 for grades 1 and 4 Northern, and in 1941 
for grades 2 and 3 Northern, the Alveograph finds.similar extensibilities 
while the Extensograph finds appreciable differences. And again, in 
1942, the Extensograms indicate similar extensibilities for grades 3 
and 4 Northern, but the Alveograms suggest a considerable difference 
between the grades. Until such discrepancies are explained by further 
investigation, little faith can be placed in data obtained with either 
machine unless there is some a priori rtz.son, of which the authors are 
notmware, for preferring one. to ■:the:other. ' . : 
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TABLE IV 

Protein Content, Loaf Volume, and Curve Measurements for 
Grades 1 , 2, 3, and 4 Northern 


Year 

Grade 

Flour 

protein 

content 

Loaf 

volume 

Farino- 

gram 

develop- 

ment 

time 

Extensogram 
135" curve 

Alveogram 

Length 

Height 

1 Length 

Height 

“W” 




% 

cc 

min 

cm 

cm 

cm 

cm 

units 

1939 

1 

Nor. 

13.1 

780 

5.5 

19.8 

8.4 

11.0 

8,3 

387 


2 

Nor. 

13.0 

765 

5.5 

20.5 

6.7 

i 10.9 

8.8 

410 


3 

Nor. 

13.4 

785 

5.5 

22.0 

6.4 

10.8 

8.8 

400 


4 

Nor. 

13.6 

750 

6.0 

22.1 

6.0 

11.1 

8.7 

422 

1940 ' 

1 

Nor. 

13.4 

785 

5.0 

18.7 

5.0 

9.0 

9.5 ' 

353 


2 

Nor. 

13.6 

780 

5.5 

19.3 

4.8 

9.6 

9.7 

385 


3 

Nor. 

13.9 i 

820 

5.25 

19.2 

4.5 

11.0 

8.5 

312 


,4 

Nor. 

13.6 

750 

5.0 

13.5 

6.4 

11.9 

8.3 

289 

1941 

1 

Nor. 

13.8 

815 

6.5 

20.7 

7.4 

10.5 

8.6 

448 


2 

Nor. 

14.2 

845 

7.0 

19.6 

7.4 

11.5 

9.0 

494 


3 

Nor. 

14,1 

840 

7.0 

22.5 

7.8 

11.2 

9.0 

507 


4 

Nor. 

14.4 

900 

6.0 

24.5 

7.8 

12.3 

8.0 

491 

1942 

1 

Nor. 

12.1 

710 

5.5 

17.4 ’ 

7.6 

8.1 

9.2 

383 


2 

Nor. 

12.0 

705 

4.5 

17.0 

7.2 

9.4 

9.3 

417 


3 

Nor. 

12.1 

740 

5.5 

15.6 

6.8 

9.4 

9,2 

429 


4 

Nor. 

12.0 

720 

5.0 

15.6 

6.5 

7.6 

9.8 

392 

1943 

1 

Nor. 

13.3 

795 

4.5 

19.4 

5.4 

11.5 

7.7 

383 


1 

Nor. 

13.1 

795 

4.5 

19.4 

5.0 

11.1 

7.7 

415 


3 

Nor. 

12,6 

775 

4.0 

18.8 

' 4.2 

9.8 

7.9 

349 


4 

Nor. 

12.6 

770 

3.5 

17.5 

3.5 

8.3 

8.5 

339 

All 

1 

Nor, 

13.1 

775 

5.5 

19.2 

6.8 

10.0 

8.7 

391 

years 

2 

Nor. 

13.2 

780 

5.5 

19,2 

6.2 

10.5 

8.9 

424 


3 

Nor. 

13.2 

790 

5.5 

19.6 

5.9 

10.4 

8.7 

399 


4 

Nor. 

13.2 

780 

5.0 

18.6 

6.0 

10.2 

8.7 

387 

1941 


All 

14.1 

850 

6.5 

21.8 

7.6 

11.4 

8.6 

485 

1940 

grades 

13.6 

. 785 

5.25 

17.7 

5.2 

10.4 

9.0 

335 

1939 



13.3 

770 

5.5 

21.1 

6.9 

11.0 

8.6 ; 

405 

, 1943 



12.9 

785 

4.0 

18.8 

, 4.5 

10.2 

8.0 1 

372 

. 1942 



12.0 

720 

5.0 

16.4 

7.0 

8.6 

9.4 

j 

405 


When the average differences between crops are considered with 
the aid of the means for all grades, some general trends can be dis- 
cerned. Part, but by no means all, of the differences in curve measure- 
ments between crops can be traced to differences in protein content. 
Moreover, when the five crops are placed in order with respect to pro- 
tein content, the 1940 crop is consistently out of order, and in the right 
direction^ for all curve measurements. In addition, the 1943 crop, 
which is out of order for development time, is also out of order for 
Extensogram height and Alveogram and for Alveogram height, 

though in the wrong direction. There is also some agreement between 
extensibility measurements by both the Extensograph and the Alveo- 
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graph; both machines place 1941 first, 1939 second, and 1942 last with 
respect to length. But these are the three crops on which all machines 
and measurements agree in placing the crops in order of their protein 
contents. Thus, on the whole, the mean values for each crop are not 
particularly illuminating. 

The series under discussion certainly fails to provide any evidence 
that grade and factors associated with it bear any relation to the dough 
properties measured by the machines. This, of course, is no disparage- 
ment; for protein content and loaf volume, both of which are useful 
criteria of wheat quality, are not related to grade either. 

Summary 

Four series of samples of Western Canadian wheat were employed 
in a study of the effect of protein content and grade on Farinograms, 
Extensograms, and Alveograms. Farinograms 'made with a high speed 
mixer (2.3 times normal speed) were also studied. These provided an 
additional measure, break time ; this represents the time that elapses 
before the dough '‘breaks down” and becomes sticky, which causes a 
sharp break in the Farinogram. 

The first series consisted of eight composite samples ranging in 
protein content (flour) from 11.4 to 14.4%. All curve dimensions were 
directly correlated with protein, except Alveogram height with which 
the correlation was inverse. The regression coefficients of the principal 
curve dimensions on protein content were: dough-development time of 
Farinogram 1.1 min; Extensogram length and height, 2.26 and 0.46 cm; 
and Alveogram length and height, 1.54 and —0.62 cm, per 1% increase 
in protein content. 

The second series consisted of nine individual samples of essentially 
the same protein content and baking strength. All machines demon- 
strated that differences in dough properties existed between the sam- 
ples; but even the Extensograph and Alveograph, which appear to 
measure much the same dough properties, did not always agree on 
which samples were similar and which dissimilar. Moreover, no cor- 
relation was apparent between Extensogram length and Alveogram 
length, both of which measure the extensibility of the dough— though 
under different conditions. The highest Correlation was obtained 
between break time and Extensogram height (r ~ 0.95) . Extensogram 
height was also correlated with development time of the normal 
Farinogram (r = 0.80), and development time was correlated with 
break time (r = 0.72). No other correlations between dimensions of 
curves from different machines were significant. 

The third series consisted of composite samples of nine grades of 
the 1939 crop. All machines divided them into three groups: No. 5 
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and 1 and 2 C.W. Garnet; 1, 2, 3, and 4 Northern; and 4 and 5 Special. 
But determinations of protein content and baking strength (malt- 
phosphate-bromate) divided the series into exactly the same groups; 
group 1 was low in protein content and loaf volume, group 2 was inter- 
mediate, and group 3 was high. Within each group, there were slight 
indications that some dough properties were related to grading factors 
and this had a tendency to upset expectations based on protein content 
alone. Several curve dimensions were closely correlated with both 
protein content and loaf volume, and the partial correlations for Alveo- 
gram length (r = 0.96) and for Alveogram height (r = 0.98) and loaf 
volume, independent of protein content, exceeded the 1% level of 
significance. 

The fourth series consisted of average samples of grades 1,2,3, and 
4 Northern for the five years 1939 to 1943. The data for this series 
were anomalous, and certainly failed to demonstrate that any of the 
curve dimensions tend to change uniformly with decreasing grade. 
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In a previous paper, Aitken, Fisher, and xA,nderson (1944) described 
the effects of the protein content and grade of wheat on Farinograms, 
Extensograms, and Alveograms. Before undertaking further work of 
that sort, it seemed desirable to make a more comprehensive study of 
the reproducibility of the curves, and to examine the effects of certain 
adjustments of the Extensograph, and of a variation in the procedure 
used with the Alveograph. The same flours were used with each 
machine, but in other respects the investigations were quite separate. 
Accordingly, this paper is divided into two sections dealing respectively 
with the Extensograph studies and the x-\lveograph studies. 

Extensograph Studies 

With the Extensograph, the resistance of the dough to extension is 
measured by the pull that the dough exerts on one arm of a balance. 
The downward movement of the balance arm measures the force ap- 
plied by the dough. As the movement is quite small, it is converted by 
a system of levers into a much larger movement of a pointer, which is 
equipped with a pen that writes on a kymograph. The increasing 
resistance of the dough to extension as it is stretched is thus recorded 
as increasing height of the Extensogram. 

Weak and strong flours have widely diflferent resistances to exten- 
sion, and the lever system on the Extensograph is therefore made 
adjustable so that the machine can be used with both types of flour. 
At a suitable setting of the lever system, the pen responds readily to 
the comparatively small pulls exerted by weak flours, but if strong 
flours are used with this setting the curves rise rapidly and run ofl' the 
kymograph paper. By adjusting the lever system to make the pen 
less responsive, curves for strong flours can be kept on the paper but 
those for weak flours hardly rise at all. 

At one time or another, three different settings have been used in 
this laboratory, and it seemed desirable to obtain information about the 
relations between the curves obtained at these settings, and about the 

^ Paper No, 69 of the Grain Research Laboratory and No. 230 of the Associate Gommittee on 
Grain' Research, (Canada), , 
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effects of setting on the sensitivity of the machine and reprodiicibiiity 
of its curves. One of the settings is widely used in Europe, and the 
second and third are both used on this continent. 

Specification for Settings. The settings are specified by the move- 
ment of the kymograph pen for given loads on the dough holder. As the 
arm which supports the dough holder is part of the lever system, the 
load must be suspended at the same distance from the fulcrum as is 
the center of gravity of the dough when under test. The movements of 
the pen are recorded in the units represented by the lines on the 
kymograph paper, or in centimeters, which is the practice in this 
laboratory. By careful adjustment of the lever system a straight-line 
relation can be obtained between the load and the position of the pen on 
the paper. This point is illustrated by Figure 1, which shows the rela- 



HBGHT IN EXTENS06RAPH UNITS 

Fig. 1. Curves showing the relation between the load on the dough balance of the Extensograph 
and the height registered by the pen for three settings of the machine. 

tions between load and pen for the three settings which were in- 
vestigated. 

It follows that laboratories using different settings of their Extenso- 
graphs should be able to report resistance to extensibility (height of 
curves) on the same scale by converting the units on the kymograph 
paper to grams by means of an appropriate factor. Alternately, the 
height can be recorded in centimeters and a factor for converting this to 
grams can be computed. The factors for the three settings shown in 
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Figure 1 are 2.00, 1.63, and 1.41 for kymograph units, and 112.0, 91.5, 
and 79.0 for centimeters. 

Plan of Investigation, The three flours chosen for this study were 
experimentally milled from (A) a 1 Northern wheat, (B) a No, S wheat, 
and (C) a 1 C.W. Garnet wheat. They had protein contents of 12.8, 
13.5, and 11.1%. 

The general technique employed with the Extensograph in this 
laboratory has been described by Aitken, Fisher, and Anderson (1944). 
The curves discussed in the present paper were made after a 45-min 
and 135-min rest period. 

For each flour, duplicate 4S-min and duplicate 135-min curves were 
made from the same doughs, in the morning and in the afternoon, on 
each of four different days during which one setting was maintained. 
This procedure was then repeated with each of the other settings. 
A factorial design was thus used, with three flours, three settings, eight 
replications (mornings and afternoons of four days), and duplicate 
curves. 

Results and Discussion, The effects of the different settings on the 
shapes of the curves are of first interest. Figure 2 shows average 



Fig, 2. Extensograms (45 min, dotted; 135 min, solid) for three settings of the machine. 


curves for each of the three flours at each of the three settings, and data 
on length and maximum height are given in Table I . Inspection of the 
data indicates that the changes in the relative heights and lengths of 
the curves at different settings are essentially negligible, and statistiGal 
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analyses confirmed this conclusion. With settings representing 'in<- 
increasing sensitivity, the length of the curve (extensibility of the 
dough) is not affected and the height of the curve increases. If the 
latter measurement, which represents resistance to extension, is trans- 
lated into grams, most of the variation is removed. For each flour the 
data for all three settings agree within about =t 2%. Better agreement 
might possibly be obtained by more precise adjustment and calibration 
of the machine at each setting- However, it is clear that if different 
laboratories, using different settings for their .Extenspgraphs, would 
report resistance to extension in grams rather than in kymograph units 
or centimeters, the results could be more readily compared. 


TABLE I 

Curve Measurements for Three Flours at Three Extensograph Settings 




Setting 



Height 


Flour 

No. 

Length 

As measured 

Converted to grams 



45-min 

135-min 

45-min 

135-min 

45-min 

135-min 

A I 

1 

cm 

20.5 

C77t 

18.5 1 

cm 1 

6.6 

cm 

8.1 

j? 

740 

s 

910 


2 

20,5 

19.0 ' 

8.1 

10.1 

740 

920 


3 

20.7 

19.5 

9.8 I 

11.3 

770 

890 

B 

1 

20.0 

20.4 

5.7 

6.3 

640 

710 


2 

20.4 

20.5 

7-2 

8.0 

660 

730 


3 

20.5 

20.1 

8.7 

9,2 

690 

730 

C 

1 

14.4 

13.1 

5.7 

6.5 

640 

730 


2 

14.9 

12.8 1 

7.1 

8.4 

650 

770 


i 3',, 

14.9 

13.0 

8.5 

9.6 

670 

760 

Mean, all 








flours 

1 

18.3 

17.4 

6.0 

7.0 

670 

780 


2 

18,6 

17.4 

7.4 

8,8 

680 

810 


3 

18.7 

17.6 

9.0 

i 10.0 

710 

790 


The question of whether the flours were placed in exactly the same 
relative positions by the 4S-min and the 135-min curves can be exam- 
ined with the aid of Table 1 1. There was no change in the length for 
flour 5 between the 45 -min and 135-min curves, but lengths for flours 
•A and C shortened appreciably; moreover, the order for flours .^4 and 
5 was reversed from one curve to the other. Again, for height as 
measured or converted, the order for flours B and C was reversed. It is 
thus clear that the rank order for certain flours will be affected by the 
length of the rest period between mixing and stretching. This is an 
interesting point because there appears to be no a priori reason for 
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TABLE II 

Mean Values for Each Flour over All Settings for 45-MrN 
AND 135 -min Curves 


Flour 

i 

Length 

Height 

As measured 

1 Converted to grams 

45-min 

135-min 

45-min 

135-min 

45-min 

135-min 


cm 

cm 

cm 

cm 

g 

g 

A 

20.6 

19.0 

8.2 

9.8 

750 

910 

B 

20.3 

20.3 

7.2 ' 

7.8 

660 

720 

C 

14.7 

13.0 

7.1 

8,2 

650 

1 

750 


selecting one rest period rather than another. Whether it is worth 
while as a routine procedure to use two rest periods and examine the 
changes that occur from one to the other with different flours has not 
yet been established. 

The differences that can occur between curves made from the same 
flour by a standard method are illustrated in Figure 3. This shows 



Fig. 3. Extensograms (135 min) showing the range in length and height obtained with individual 
curves, and with the mean curves (mean of 2 curves from' one dough) for eight replicate doughs. 
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135-miii curves for setting 2. ■ Sixteen curves (2 for each of eight 
doughs) were made for flour A, and of these the longest and shortest 
are shown in the top left-hand corner of Figure 3. A similar selection 
from the eight curves representing means of two curves made from the 
same dough are shown immediately below. Corresponding pairs of 
curves for flours B and C, and the corresponding sets of curves for 
height, make up the rest of the figure. In drawing conclusions about 
the reproducibility of Extensograms, from this figure, the reader should 
bear in mind that the curves represent the maximum spreads obtained 
in the investigation. 

Statistical analyses of the curve measurements showed that the 
differences between curves for doughs mixed on different days were not 
significantly greater than those between doughs mixed on the same 
day; all eight doughs from one flour can therefore be treated as samples 
from one population. Comparison of the inter-dough and intra-dough 
errors showed that the former were significantly greater for height at 
settings 1 and 3, and for length at setting 2. Although these results 
are not particularly clear cut, they indicate that in comparing two 
flours a better estimate of error will be obtained if single curves are 
made for duplicate doughs from each flour, in preference to duplicate 
curves for a single dough. 

Data for the standard deviations for single curves, and for the mean 
of two curves made with duplicate doughs, are listed in Table III. 
These statistics are self-explanatory and require no comment. 


TABLE in 

Standard Deviations for Extensogram Measurements 


Measurement 

Setting 

Single 

curve 

Mean of two curves from 
different doughs 

Length, cm 

1 

0.92,,. 

0.65 


2 

0.98 

0.69 


3 

0.93 

0.66 

Height, cm 

t 

0.73 

0.52 


2 

0.36 

0.25 


3 

0.68 

0.48 

Height, converted to g 

1 

82 

58 


2 

33 

23 


3 

54 . 

38 


Alveograph Studies 

The dough for the Alveograph is prepared in a special mixer, the 
Petrin. After mixing for 6 min, a slit in the side of the Petrin is 
opened by raising a slide. The continued operation of the mixer arm 
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then forces the dough out through the slit in a strip about 5 cm wide 
by 0.5 cm thick. As the strip is extruded, 5 to 6 cm lengths are cut off ; 
these are rolled to standard thickness, and a disc (diam., 4.5 cm) is cut 
from each with a cylindrical cutter. The discs are put into a condi- 
tioning cabinet and after 20 min they are inflated on the Alveograph. 
An interval of about 1 min elapses between the inflation of successive 
discs, of which there are five for each dough. 

Inspection of the quintuplet curves showed that the last tended to 
,be the highest and shortest and that there were certain other consistent 
differences. The variations in the curves make it difficult to draw the 
mean curve, and it is desirable to reduce the variation. It appeared 



Fig. 4. Mean Alveograms (of quintuplet curves from eight doughs) for three flours, and representative 
groups of quintuplet curves for single doughs. 

that it was caused by the longer mixing to which the last disc was 
exposed, or possibly to differences in the pressure at which the strip 
was extruded from first to last. But to test this hypothesis it was nec- 
essary to inflate the discs in reverse order so as to investigate the effect 
of the time factor. A study of reproducibility was also undertaken. 

Plan of Investigation, The investigation was closely similar to that 
made with the Extensograph. The same three flours were used, and 
eight doughs were mixed, on the morning and afternoon of four dif- 
ferent days. In place of the three Extensograph settings, two tech- 
niques, normal and reverse order of inflating the discs, were studied; 
and instead of duplicate Extensograms, quintuplicate Alveograms were 
made.'' 
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RestiUs and Discussion. The mean curves for each flour, obtained 
by the normal order of testing, are shown in the upper half of Figure 4, 
and in the lower half are shown representative groups of curves for the 
quintuplet discs from one dough of each flour. The latter curves 
illustrate the type of variation obtained with the Alveograph. 

Mean data for each disc, over all flours and replicates, are given 
for both orders in Table IV. These data show that the reverse order 
of testing did not change the rank order of the discs; the last disc 
tended to give the highest and shortest curve irrespective of whether it 
was inflated first (normal order) or last (reverse order). On the aver- 
age, the length of the curve decreased from disc 2 to disc 5 in both 
normal and reverse procedures. There was also an increase in height 
from disc 3 to disc 5 in the reverse order; but in the normal order the 
third disc gave the lowest curve. Spreads between curves were con- 
siderably larger for the reverse than for the normal order, and this is 
certainly a point in favor of the normal order of testing. It is clear 
that, though the time between extrusion and inflation has some effect 
on the quintuplet curves from the same dough, the differences between 
the curves are caused principally by differences in the properties of the 
consecutive parts of the extruded dough. i\ccordingly, it seems rea- 
sonable to suggest that the whole technique of preparing the discs for 
inflation requires thorough revision. 


TABLE IV 

Mean Data for Normal and Reverse Orders of Inflating Discs 


■ Disc No. 

Length 

Height 

N ormal 

Reverse ' 

Normal 

Reverse 



cm 

cm 

cm 

1 

9.3 

9.2 

10.0 

9,8 

2 

9.3 

9.2 

9.8 

9.8 

3 

8,8 

8.7 

9.7 

9.8 

4 

8,4 

8.1 

9,9 

10,2 

5 

8.2 

8.0 

10.5 

11.0 

Spread 

1.1 

1.2 

0.8 

i ■ 

1.2 


As it is apparent that the normal order of testing is superior to the 
reverse order, the following discussion is confined to results obtained 
with the normal order. 

The quintuplet curves can hardly be considered satisfactory repli- 
cates, and it seemed possible that an advantage might be gained by dis- 
carding three discs and considering the remaining two as duplicates. 
The data in Table IV suggested that the first two discs would prove 
most satisfactory, and inspection of the raw data confirmed this con- 
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elusion. A statistical comparison of the results of using the first two 
discs and all five discs showed that no real advantage could be gained. 
As would be expected, the standard deviation of measurements on a 
single curve from one dough decreased appreciably when only the first 
two discs were considered. But this was offset by a loss — with the 
majority of flours and measurements — in the precision of the mean data 
for one dough; the standard deviation for the mean of five discs for one 
dough tended to be lower than the standard deviation of the mean of 
the first two discs for one dough. 



Fig. 5. Mean Alveograms (of quintuplet curves) showing the range in length and height obtained 

with eight replicate doughs. 

The curves for the five discs made for one dough cannot be treated 
as replicates, and a discussion of the replicability must therefore be 
confined to that of the mean curve for separate doughs. Statistical 
analyses demonstrated that the differences between doughs examined 
on different days were no greater than those between doughs examined 
on the same day (with one negligible exception), and the eight douglis 
for each flour were therefore treated as representatives of one popit- 
■lation. 

Experimental errors of the mean curves for single doughs are illus- 
trated in Figure 5, which contains a series of curves showing the maxi- 
mum differences in height and length encountered with each flour. 
Corresponding data for the standard deviations of the mean curves 
are listed in Table V. The statistics show that a useful level of repro- 
'ducibility 'is attained,/' : 
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TABLE V 

Standard Deviations for Mean Alveogram Measurements for One Dough 


Measurement 

Flour 

Mean 

value 

Standard 

deviation 



cm 

cm 

Length 

A 

11.0 

0.4 

B 

9.7 

OS 


C 

5.7 

OS 

Height 

A 

8.7 

0.2 

B 

9.8 

0.5 


C 

11.4 

0,1 


Summary 

The effects of three settings of the Extensograph on curve dimen- 
sions were investigated with duplicate curves for eight doughs from 
each of three flours. The setting has no effect on curve length, which 
measures Ae extensibility of the dough ; but the height of the curve, 
which measures resist^ce to extension , increases as the machine is 
made more responsive. Most of the latter variation can be removed 
if resistance is reported in terms, of the weight in grams required to 
produce the given curve height at the setting at which the machine is 
adjusted. The relation between curve height and resistance in grams 
can be made essentially linear at each setting. The standard devia- 
tions of measurements made on a single curve are of the following order: 
length, dbO.95 cm ; height, zh0.60 cm ; and resistance in grams, ±0.55 g. 

When curves are made on the Alveograph for the five discs cut 
consecutively from the extruded dough, the last disc gives, on the aver- 
age, the highest and shortest curve. A study made with eight doughs 
from each of three flours shows that this happens whether the discs are 
inflated in normal or reverse order. The data show that though the 
time between extrusion and inflation has some effect on the quintuplet 
curves, the differences between these are caused principally by dif- 
ferences in the properties of the consecutive parts of the extruded dough 
strip. The quintuplet curves cannot be treated as replicates; replica- 
tion can only be obtained by working with two separate doughs. It 
appears that the technique of preparing discs for the Alveograph re- 
quires thorough revision. The standard deviations for the mean of five 
curves made from a single dough are of the following order: length, 
±0.3 cm; and height, ±0.2 cm. 
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Hard biscuits of the type issued to the armed forces for emergency 
rations must frequently be stored for long periods, during which insect 
infestation may be an important cause of spoilage. The extent of such 
spoilage will be determined largely by the suitability of the biscuits for 
insect development and survival, and the development and survival of 
insects will be affected by the moisture content and the ingredients of 
the biscuits. If these factors are favorable to insects, then extensive 
damage may occur; and to the extent that they are unfavorable, the 
biscuits will be resistant to insect attack. 

This study was designed to test the susceptibility of biscuits to 
insect damage when the moisture content and the principal biscuit 
ingredients were varied. 

Before initiating the insect study it was necessary to determine the 
moisture equilibrium values for biscuits at different relative humidities. 
These determinations are reported in the first part of the paper; the 
second part reports experiments in which the confused flour beetle, 
Triholium confusum Duv., was cultured on biscuits of varied composi- 
tion and moisture content. 

Effect of Flour Grade and Fat Level on Moisture Equilibrium Values 

The moisture content of dried foods is frequently a limiting factor 
for the development of insects feeding on them. Consequently, the 
effect of the principal constituents of the biscuits on the moisture equi- 
librium values at different relative humidities was given careful study. 

Flour and fat are two important components in a typical ration 
biscuit formula and they are used in relatively high proportions; the 
former is the main basic ingredient and there is a tendency to use maxi- 
mum amounts of the latter to increase the caloric value. Flour is 
hygroscopic and fat is not, and it is thus apparent that the proportions 
used will have an effect on the hydration capacity of the biscuits. 

This section of the study deals with the moisture equilibrium values 
of biscuits processed from three grades of flour and three levels of fat 
when stored at three levels of relative humidity. 

Materials and Methods. Two flours, one of 50% extraction and one 

1 Published as Paper No. 70 of the Grain Research Laboratory, and as No. 232 of the Associate 
Committee on Grain Research. Presented in part at the Joint Session of the Entomolojgical Society of 
America and the American Association of Economic Entomologists, December 7-9, 1943. 
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of 85% extraction,, were miiled from a typical soft wheat of 10.2% 
protein content. A blend of equal parts of these flours provided a third 
flour of intermediate extraction. The protein and ash contents were 
8.5%, and 0.39% for the short-extraction flour, 9.0% and 0.66% for the 
blend flour, and 9.6% and 0.92% for the long-extraction flour. 

The formula for a single batch of six biscuits was: flour, 100 g 
(13.5% moisture basis) ; cane sugar, 5 g; milk powder, 8 g; baking soda, 
1.5 g; salt, 1.5 g; fat (hydrogenated peanut oil), variable; and distilled 
water, 38 ml. The fat levels were 2, 7, and 12 g. Biscuits were made 
b^Cmixing all ingredients in a single-arm low-speed mixer (63 rpm) for 
4 min, passing the dough through sheeting rolls three times, shaping 
with a cookie-cutter, and pricking the surface of the dough with a fork. 
The biscuits were baked on a wire-mesh mat for 12 min in an oven 
maintained at 230®C. This procedure gave an oval-shaped biscuit 
with dimensions of about 45 X 40 X 5 mm. Each batch of biscuits 
was cooled to room temperature and set aside in a closed container 
until the total number required was obtained. 

Three desiccators, maintained at 25, 50, and 75% relative humidi- 
ties by means of appropriate concentrations of sulfuric acid, were used 
as storage chambers. Each desiccator was equipped with three tiers 
of glass shelving, to support the moisture tins containing the biscuits, 
and a small two-bladed fan to circulate the air. The fan-shafts passed 
through a mercury-seal in the stopper of each desiccator and the three 
fans were propelled by a low-speed motor. The desiccators were main- 
tained at a controlled temperature of 27®C. The initial moisture con- 
tents of the biscuits were determined by the A.O.A.C. vacuum oven 
method using random samples ground in a Wiley mill (| mm mesh 
sieve). 

To determine the rates of moisture increase and the final moisture 
equilibrium values, triplicate samples of whole biscuits made from each 
of the nine formulae (three grades of flour and three levels of fat) were 
exposed to each of the three levels of humidity and weighed at intervals 
until cGnstant weights were obtained. For the first few days, when 
the moisture increase was quite rapid, the weighing interval was 24 hr; 
later, the interval was extended to 48 hr or longer. The data were 
tabulated in terms of moisture content at each weighing, the values 
being computed from the original dry weight of each biscuit. As a 
check on the calculated equilibrium values, the final moisture contents 
of the biscuits were determined by the vacuum oven method. 

To test the effect of aging, some of the biscuits were set aside in 
sealed tins at room temperature for a period of six months. The 
hydration capacity of these biscuits at the three levels of relative 
humidity was then determined in the same way as for fresh biscuits. 
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Experimental Results, The mean moisture data showing the mois- 
ture content of the fresh biscuits after exposure at the different humid- 
ities are summarized graphically in Figure 1 which shows the mean 
effect of fat level over all flours on the rate of moisture increase and on 
the equilibrium values, and in Figure 2 which shows similar comparisons 
for each flour over all fat levels. 

FAT LEVEL RELATIVE HUMIDITY 

2 % O 25% 


7 % a 50% 

12% A 75% 



EXPOSURE IN HOURS 


Fig. 1. The mean effect of fat content, over all flours, on the rate of moisture increase and the 
equilibrium moisture content of biscuits. The initial moisture contents of the biscuits are indicated 
by the points on the ordinate. 

The moisture content of the biscuits increased quite rapidly during 
early exposure and then showed a drift to equilibrium. As the differ- 
ence between the initial and final moisture content increased with each 
increase in relative humidity, the trend is obviously most apparent 
at the 75% humidity level. As would also be expected, equilibrium was 
attained more rapidly and at a lower level with each decrease in 
humidity. ' 

The effect of increasing the fat content is clearly to lower both the 
initial moisture content and the equilibrium moisture content, at all 
levels of relative humidity. This effect is probably due to the dis- 
placement of the hygroscopic material, flour, by the nonhygroscopic 
material, fat. It is further apparent from Figures 1 and 2 that fat 
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content exerted a greater influence on moisture content than did flour 
grade. For example, the biscuits made from the long-extraction flour 
expowsed to 75% humidity attained an equilibrium of 13.7% moisture 
for the 2% fat level, as compared with 12.0% moisture for the 12% fat 
level. At the 12% fat level, the corresponding values for the short- 
extraction and long-extraction flour biscuits were 12.8% and 12.0% 
respectively. Thus the spread in moisture content induced by the fat 
variable was more than twice that induced by the flour variable. 

FLOUR EXT. RELATIVE HUMIDITY 

SHORT O 25% 

BLEND □ 50% 

LONG A 75% 



0 80 160 240 320 400 


EXPOSURE IN HOURS 

Fig. 2. ^ The mean effect of flour extraction, over all fat levels, on the rate of moisture increase and 
the equilibrium moisture content of biscuits. The initial moisture contents of the biscuits are indicated 
by the points on the ordinate. 

Figure 3 compares the hydration capacity of fresh biscuits at two 
levels of fat content with similar values for biscuits six months old. 
At relative humidities of 50% and 75% the hydration capacity of aged 
biscuits is reduced as compared to fresh biscuits, while at 25% relative 
humidity it is increased somewhat by aging. The effect of fat content 
remains the same for aged biscuits as for fresh biscuits. Typical values 
for fresh and aged biscuits (2% fat level) are: 4.9% and 5.6% at 25% 
relative humidity; 8.0% and 7.4% at 50% relative humidity; and 
13.7% and 12.3% at 75% relative humidity. 
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Effect of Moisture CoEtentj Fat Level, and Flour Grade on Insects 

A reliable measure of the susceptibility of a foodstuff to insect 
damage is the rate of development of insects feeding on it. Another 
measure is the percentage survival of the insects. Both measures 
relate to the fact that the damage caused by insects is a function of 
their numbers; and the number of insects also determines the possible 
extension of the range of infestation. Thus, insects gaining access to 



RELATIVE HUMIDITY m 

Fig. 3. The hydration capacity of fresh btecuits and biscuits aged for six months. 

stored foodstuffs may achieve large numbers and establish a general 
infestation only when the foodstuff is favorable for their development 
and survival. This section of the paper deals with the ability of a 
common stored products insect to develop and survive on biscuits of 
the same type, and stored under the. same conditions, as those de- 
scribed in the preceding section. 

The details of the development of certain common insects on raw 
flour are known, but there is no similar information for insects on 
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processed flour in the form of biscuits, crackers, etc. The first object 
of these experiments, therefore, is to compare the development and 
survival of insects on flour and on biscuits. The second object is to 
assess the effect on insects of varying the moisture content, flour 
extraction, and fat level of the biscuits. High moisture content and 
long-extraction flours are known to favor insect development, but the 
effects of baking the flour and of fat content are largely unknown. The 
results indicate that the development and survival of insects on bis- 
cuits is greatly reduced as compared to their development and survival 
on the normal food, flour ; and that at the low levels of development and 
survival obtained on biscuits, a high fat content exerts an unfavorable 
influence, while moisture content and flour extraction exert an influence 
in the same direction as with unbaked flour. 

Materials and Methods, The confused flour beetle, Tribolium con- 
fusum Duv., is a cosmopolitan pest of cereal foods, and was chosen as 
the test insect in these experiments. Fifteen newly-hatched larvae 
were placed on each of 81 whole biscuits, comprising triplicate samples 
of each of the nine formulae (three grades of flour and three levels of 
fat) at three levels of humidity. At the same time, a sample of high- 
grade household bread flour was exposed to each humidity level and 
supplied with 10 newly-hatched larvae in two of the samples and 15 
in the third. To test the effect of making the food more readily avail- 
able, finely-ground biscuits of 2% and 12% fat content were also 
exposed to the three humidities, and each was supplied with 15 newly- 
hatched larvae. A constant temperature of 27®C was maintained. 

The biscuits and controls were examined periodically. The de- 
velopment of larvae on flour and ground biscuit was followed by sifting 
off the flour and spreading out the ground biscuit to expose the larvae. 
On the whole biscuits, the larvae concealed themselves in the perfora- 
tions or penetrated to the inside, so that very few were seen in the 
course of the experiment. 

The experiment was discontinued after 113 days. Each biscuit 
was carefully broken up by hand, and the number, location, and size 
of the larvae noted. Three adult beetles of normal size were found 
inside the biscuits. 

Since less than 1% of the original larvae achieved maturity on the 
biscuitsy it was necessary to devise a measure of relative development 
other than the usual one of the time required to reach maturity. Since 
adults are actually shorter and weigh less than mature larvae, it is 
impossible to construct a continuous numerical scale for both larvae 
and adults in the order of their development. 

In order to assess the central tendency in a group containing both 
adults and larvae at various stages of development, a scale of develop- 
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merit was devised based on larval size and the achievement of maturity. 
The surviving larvae were assigned to six size-classes on the basis of 
their length, according to the measurements of Brindley (1930) for six 
larval instars. The size-classes were arranged in order of increasing 
size and successive classes were progressively weighted by unity over 
the preceding class. This gave a scale of arbitrary values from 1 to 6 
on the basis of larval size ; adults were assigned a value of 7. The mean 
of the frequency distribution for larvae and adults according to their 
values on this scale of development is referred to as the “mean index 
of development” and provides a method for comparing relative de- 
velopment in groups containing both adults and larvae of various sizes. 

The ‘ ‘ mean index of development ” cannot be interpreted in terms of 
larval instars or growth stadia. On unfavorable food, such as the 
biscuits, TriboUum larvae may pass through considerably more than 
the six instars described by Brindley (1930) so that there may have 
been several instars in any one of the size-classes used in calculating the 
mean index of development- But where the number of instars is 
variable because of unfavorable food (Good, 1933), larval size offers a 
better criterion for assessing the degree of development than the num- 
ber of mol tings. The “mean index of development” as used in this 
study refers only to insects that survived the 113 days of the experi- 
ment; those that died prior to this time were either shrunken so that 
measurement was impossible or had been eaten by the surviving insects. 

Experimental Results, , The effect of feeding on flour and on biscuits 
is sharply reflected in the development and survival of TriboUum 
larvae. Of 810 larvae placed on whole biscuits only three individuals 
or 0.4% achieved maturity during 113 days, while all larvae on flour 
achieved maturity in an average period of 48 days. On whole biscuits, 
6.7% of the insects survived 113 days and achieved a mean develop- 
ment of 4.2, on the developmental scale of 1 to 7. On flour, 88.6% 
of the insects survived 113 days; all survivors were adults (develop- 
mental value of 7) and those that died were adults. The data are 
shown in Table I. The biscuits at 25% relative humidity were ex- 


TABLE I 

Development and Survival of First-Instar Larvae on Flour, 
Whole AND Ground Biscuits at 27X 


Larvae ' 

Flour * 

Biscuits * 

Whole""'': 

Ground 

Original number 

■■ 3'5- 

810 

60 

Percent surviving 

88.6 

■■■ ■ 

5.0 

Percent achieving maturity 

100 


0.0 

Mean index of development 

1 

4,2 

3.7 
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dueled from these comparisons because their moisture content was 
lower than that of the flour controls. 

On ground biscuits, the values for development and survival are 
about the same as for larvae on whole biscuits. Accordingly, the 
observed retardation of development and the high mortality of 
Triboliunt larvae cannot be attributed to the inability of the larvae to 
obtain food from the whole biscuits. 

Considering the biscuits alone, the effects of moisture content, flour 
extraction, and fat content may be discerned by comparisons of the 
development and survival of the 57 insects that remained after 113 
days. The data were grouped successively to show the effect of mois- 
ture content over all biscuit formulae, flour extraction over all humid- 
ities and all fat levels, and fat level over all humidities and all flours. 
The data are shown in Figure 4. 



Fig, 4 . The mean effect of relative humidity, flour grade, and fat content on the development and 
survival of larvae reared on biscuits for 113 days at 2 7°C. 


The effect of humidity, or the moisture content of the biscuits 
(Fig. 4), is to reduce the survival of insects progressively as the relative 
humidity is lowered from 75% to 25%. The development of larvae is 
retarded in the same way, very slightly between 75% R.H. and 50% 
R.H., but abruptly at 25% R.H. On biscuits at 25% R.H. only three 
larvae survived to achieve a very small growth, at 50% R.H. there was 
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one adult, and at 75% there were two. The moisture contents of 
biscuits at 75%, 50%, and 25% relative humidity ranged from 11.8% 
to 14 . 1 %, 6.5% to 8.1%, and 3.6% to 5.1%, respectively. 

The flour grade used in making biscuits influences insect develop- 
ment, iong-extraction flour favoring development and refined flour 
retarding it (Fig. 4). Two larvae reached maturity on biscuits made 
with a flour of 85% extraction, and one reached maturity on biscuits 
of 50% extraction flour. Although no larvae reached maturity on 
biscuits made with a blend of the two flours, there were more in an 
advanced stage 'of growth on biscuits made with the blend than on 
biscuits of 50% extraction flour. Biscuits made with the 50% extrac- 
tion flour were more unfavorable for insect survival than the other two. 
Survival appeared to be slightly favored on biscuits made with a blend 
of the two flours. 

The fat content of the biscuits appears to have little effect on the 
survival of Triholium larvae (Fig. 4). Development however is ad- 
versely affected by a fat content of 12%. Biscuits of 7% fat content 
appear to favor development slightly over biscuits with a fat content 
of 2%. Two larvae reached maturity on biscuits of 7% fat content 
and one reached maturity on biscuits of 2% fat; on biscuits of 12% fat 
there were no adults, and the mean growth of larvae was less than that 
achieved on biscuits of lower fat content. 

The fat content of the biscuits seems to play an important mechani- 
cal role in resisting insect attack. Biscuits of 12% fat content are of 
closer texture and lack the fragile “blisters’" that are characteristic of 
biscuits with a lower fat content. Insect larvae are able to penetrate 
these blisters and gain access to the inside of the biscuits where they 
seem to develop more rapidly* The three adult beetles were found 
inside the biscuits, and so was the largest larva. The influence of fat 
content on larval penetration is shown in Table Jl. 


TABLE II 
0 

Effect of Fat Content of Biscuits on Penetration of Larvae 



2% fat 

7% fat 

12% fat 

Surviving larvae, number 

21 

15 

22 ''" ■■ 

Larvae inside, number 

7 

6 

' ■ 2'' 

Larvae inside, % 

33 

40 

^ '9 ' 


The damage caused by the insects was very slight because so few 
of them survived to reach an advanced stage of development. The 
larvae penetrated “blisters,” and widened crack-lines on the biscuit 
surface, often excavating a small cavity in these cracks. Damage of 
this sort was fiiuch more apparent on the biscuits of low fat content 
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than on those with a high fat content. The cracks and excavations on 
the low-fat biscuits were increasingly widened and deepened as the 
experiment continued; but the damage to the high-fat biscuits was 
scarcely noticeable at the end of the experiment. 

Discussion 

Biscuits of the type described are unfavorable for the development 
and survival of TrihoUum larvae. The results show that, no matter 
how the moisture content or the principal components of the biscuits 
are varied, there is a very high mortality of larvae reared on the bis- 
cuits, and the development of the few survivors is greatly retarded by 
comparison with the rate of development on flour. The differences in 
mortality and development, between larvae reared on flour and those 
reared on biscuits, are much greater than the differences induced by 
varying the moisture content and constituents of the biscuits them- 
selves. It is, therefore, reasonable to suppose that merely baking the 
flour, ill the process of biscuit-making, renders it an unsuitable food for 
the insects. The baking of flour is known to result in loss of thiamine; 
and thiamine is indicated as a necessary factor for the normal develop- 
ment of Tribolium (Street and Palmer, 1935). Moreover, severe losses 
of thiamine are reported for biscuits baked on the alkaline side (Barack- 
man, 1942), and the basic formula for biscuits used in this study called 
for 1,5 g of baking soda and no acid salt. Accordingly, it appears that 
the observed retardation of development and high mortality of Tri- 
bolium on these biscuits may be related to losses of thiamine during the 
baking process. This phase of the problem is now in the course of 
investigation. 

The moisture content of the food is an important factor for insect 
pests of stored products. Both the survival and development of 
Tribolium larvae are reduced as, the moisture content of the biscuits is 
lowered. However, the moisture content of the food is of much less 
importance than the food itself. F®r example, all larvae reared on 
flour of 8.8% moisture content (25% R.H.) completed development, 
while on biscuits of comparable moisture content (7%-8%) only one of 
405 larvae reached maturity. Obviously, the most important factor 
iot Tribolium feeding on the biscuits is the nutritional deficiency in- 
duced by baking. Superimposed on this major factor is the usual 
retarding effect when the moisture content of the food is reduced. 

The reduction of moisture content obtained by increasing the per- 
centage of fat in the biscuits has no very great effect on Tribolium, 
since the insect has a wide tolerance in moisture requirement, and the 
reduction of moisture content is small, even for relatively large addi- 
tions of fat. All larvae achieved maturity on flour within the range 
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of 14.2% to 8.8% moisture content; and the greatest reduction in the 
moisture content of the biscuits, obtained by a 10% increase in fat 
level, was 1.7%, This reduction in moisture content would be chiefly 
effective against insects on biscuits stored in dry atmospheres. 

The observation that at relatively high humidities the hydration 
capacity of the biscuits decreases with aging indicates that biscuits of 
this type will become somewhat more resistant to insect attack during 
storage. The reduction of hydration capacity with age is to be ex- 
pected since loss of imbibition is a characteristic of staling (S teller and 
Bailey, 1938) ; but this does not explain the increase in the hydration 
capacity of aged biscuits at 25% R.H. 

The favorable effect of long-extraction flours over refined flours has 
been demonstrated for a number of different cereal pests, including 
Tribolium (Good, 1933 ; Park, 1934; Thomas and Shepard, 1940). The 
basis for this effect is the absence, in refined flours, of sufficient quanti- 
ties of minerals and B-complex vitamins. Many of the B vitamins are 
essential for the normal development of insects that infest stored 
products (Fraenkel and Blewett, 1943). When flour is baked to pro- 
duce biscuits, the favorable effect of long-extraction flour over refined 
flour is still apparent, although at a much lower level than for unpro- 
cessed flour, i\s already suggested, thiamine is the substance that is 
probably afi'ected by baking. /Apparently, the destruction of thiamine 
during baking is parallel for both long-extraction and short-extraction 
flours. Biscuits made with a long-extraction flour are therefore more 
favorable for insects than those made with a short-extraction flour 
because the thiamine content of the former is higher initially. 

The fat content of the biscuits appears to retard development but 
has no effect on survival. Sweetman and Palmer (1928) found that 
on an otherwise adequate diet the addition of 10% butterfat or criseo 
actually accelerated the growth of Tribolium. Thomas and Shepard 
(1940) found that ground walnuts of high oil content were fatal to 
larvae of the saw-toothed grain beetle, but chopped walnuts had no 
detrimental effect. In the present study there are no indications that 
high-fat biscuits, whether whole or ground, are more unfavorable to 
survival than biscuits of lower fat content. 

Summary 

Hard biscuits of the type issued to the armed forces, made from 
three grades of flour and three levels of fat, were stored at three levels 
of relative humidity to determine the moisture equilibrium values. 
Increasing the fat content of the biscuits lowered both the initial and 
the equilibrium moisture content at all levels of relative humidity. 
Flour grade exerted less influence on moisture content than did fat 
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content. Aging the biscuits decreased their hydration capacity, at 
high relative humidity and increased it at low relative humidity. 

Larvae of the confused flour beetle, Tribolium. confusmn Duv., were 
reared on the biscuits at three levels of relative humidity. Both the 
rate of development and the percentage survival of Tribolium larvae 
reared on biscuits were adversely affected as compared to flour controls. 
Development was greatly retarded and mortality was high for larvae 
reared on both whole and ground biscuits. It is suggested that de- 
struction of thiamine daring the baking process is responsible for the 
high resistance of the biscuits to insect attack. At the low level of 
survival and development attained by Tribolium larvae on biscuits, 
high moisture content and biscuits made with a long-extraction flour 
favored the insects, while biscuits of high fat content were somewhat 
unfavorable. A high fat content rendered the biscuits less susceptible 
to penetration by larvae. 
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THE RELATIVE GERMICIDAL EFFECTIVENESS OF CERTAIN 
CHLORINE COMPOUNDS ON THE THERMODURIC 
BACTERIAL SPORES OF WHEAT 
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The causative organism of ropiness in baked wheaten products has 
been variously identified as B, mesentericus pani viscosus I and II 
(Vogel, 1897), B, mesentericus vulgatus (Russell, 1898), B. mesentericus 
fuscus (Watkins, 1906), B. panis (Fuhrmann, 1905), and B. mesenteri- 
cus (Kent-Jones and Amos, 1930), In any event, the one or more 
organisms belong to the B. subtilis group comprising many widely dis- 
tributed soil-inhabiting sporulating thermoduric bacilli. It is fairly 
well agreed they contaminate all wheat, and in the normal milling- 
process they are partly carried into the flour, remaining dormant there, 
surviving the baking process and exhibiting their presence in the loaf 
the first or second day following the bake when the interior of the loaf 
partially liquefies and a foul odor develops. 

Since the growth of the bacilli is inhibited by slightly increasing the 
acidity above that normally encountered in bread, vinegar has long 
been used as an ingredient of bread during the summer when infection is 
most likely to appear. Recently, sodium and calcium propionates ^ 
and sodium diacetate ^ have been utilized for their claimed superior 
bacteriostatic action. 

More basic is the treatment applied within the last few years at the 
mills. Solutions of chlorine-containing compounds are now used in 
treating the wheat prior to milling, resulting in a great reduction or 
actual elimination of rope and mold spores on the wheat. In treating 
the wheat, advantage is taken of the universal practice of adding '3-'4% 
water to improve the milling qualities. Into the stream of water being 
blended into the wheat sufficient germicidal solution is fed to provide 
an available chlorine content of 50-100 ppm, based on the water added. 
The wheat after being tempered is held in bins for 18-24 hr so that 
adequate time is allowed for the completion of bactericidal action if 
sufficient active agent remains present. Because the chloramines are 
generally more resistant to decomposition in the presence pl-organic 
matter, it seemed desirable to determine their relative valpe in such an 
application as this. / 

The object of this work was to ascertain on a laboratory basis the 

r(Mycobatis) E. I. duPont de Neiuours and Company, Inc., Wilmington, Del. 

2 3siiacet;Chemicals;'Corporation,.’NiagaraFaUs, 'N, Y-. ■ ' 



512 GERMICIDAL EFFECT OF SOME CHLORINE COMPOUNDS Voi. 21 


relative germicidal efficiency of Chloramines B and T and a commercial 
hypochlorite product. 

Materials and Methods 

The composition of the hypochlorite on analysis of an open market 
sample was calculated as equivalent to Ca (OCl) 2 , 17.3%; Ca (OH) 2 , 
9 . 0 %; CaCl 2 , 6.3%; NaaCOs, 66.5%; undetermined, 0.9%. On dis- 
solving in water, sodium hypochlorite is liberated in solution by the 
reaction 

Ca(OCl )2 + Na2C03 = CaCOs (precipitated) + 2NaOCL 

The available chlorine content of the hypochlorite tested was 17.2%. 
The Chloramines B and T used were of U.S.P. or equivalent grade. 

As all wheats, regardless of source, carry a population of the spores 
under consideration, wheat samples chosen at random may be treated 
with dilute solutions of germicide and the reduction in population esti- 
mated by means of a method such as that of Kent-Jones and Amos 
(1930). This method is much used by cereal workers, but is rather 
inaccurate both because of its nature and because of the small number 
of spores naturally present in normal wheat. First quality cleaned 
wheat will bear only from 1 to 25 and rarely as high as 50 spores per g, 
significant commercially, but very low figures for bacteriological test 
purposes. The test depends on the determination of the smallest 
amount of wiieat which gives in the average case a positive test for 
presence of spores. When germicidal action is nearly complete, objec- 
tionably large portions of ground wheat must be added to the test 
medium in order to obtain, a positive result. Owing to the chance 
distribution of spores and the other limitations of the method, it is 
obvious that great variability in results may be expected, and that has 
been our experience. 

By sacrificing some of the in vivo aspects of the Kent-Jones and 
Amos test and substituting more conventional bacteriological methods, 
a greater degree of precision may be obtained. Pure cultures of the 
organism were used in the following work and details of their prepara- 
tion and the test methods used follow. 

Several samples of wheats were cultured in nutrient broth, boiled 
30 min to destroy all but the thermoduric spores, and incubated . F rom 
tubes showing typical pellicles, transfers were made to nutrient agar 
plates. ■ The best colonies were allowed to grow until the drying of the 
agar and the overcrowding of the colony were deemed to have en- 
couraged the formation of large numbers of spore forms. Surface 
scrapings of each selected colony were separately mixed by mortar and 
pestle with a diluent of sterile silica flour, 250-325 mesh, and heated 
at 100°C for 20 min to destroy any vegetative forms and any foreign 
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bacteria possibly included during the operation. The actual conceU” 
trations of spores in these silica dilutions were not obtained, but were 
very high ; 5 mg of the material added to 25 ml of liquid insured positive 
inoculation of culture tubes when only 2 drops of this liquid dilution 
were used. 

Two pure varieties of thermoduric, spore-forming organisms thus 
were obtained and used as test organisms for the following work. 
Their cultures on agar plates, in nutrient broth, on potato slants, and 
microscopic examination indicated that they were strains of B. suhtilis 
and B. mesentericus . It was demonstrated that the organisms isolated 
were capable of causing ropiness in baked wheaten products . 

Tubes were set up at room temperatures approximating 30°C con- 
taining 25 ml of the desired concentrations of germicides, and to each 
was added approximately 5 mg of the silica flour mixture of the spores. 
At definite intervals, 2 drops of the solution were added to tubes of 
nutrient broth, which were immersed in boiling water for 25 min, 
cooled, and incubated at 30^C for 48 hr. Tubes then showing forma- 
tion of a pellicle were reported as positive. 

Results 

In Tables I and II are given the data on the action of various 
germicides, without the addition of sterile wheat flour in Table I, and 

TABLE I 

Evaluation of Bactericides on the Spores of B. subtilis and B. mesentericus 



Germicidal agent 

__ Concentration 
of available 
chlorine in ppmi 

Chloramine B 

Chloramine T 

Sodium hypochlorite 


200 sec 

500 sec 

200 sec 

500 sec 

200 sec 

500 sec 


B. subtilts 


0 

1 

■ 

-h. ! 


-f- 

■ ■ + ' 


25 

'+ 

-j- 

+ 

+ 

T 

“i~ 

SO 

T ■ 

■ + 

4" 
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75 
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, -f 


' +' ■ ■ 


100 

_ 




, 


150 



• — ■ 


*— . 

” ' 


B. MESENTERICUS 


' . 0 

+ 

T ' 


; ' -p ' 

+ 

,, ,-p-' 

25 ■ . 

+ 

1 

4- 

,4' 

, -P 


"SO,,,"' 'V 

A , 

■ • — ' ' ' 
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■f 


' ■ ^75 ■ 
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■ ■■ 
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TABLE n 

Evaluation of Bacteiucides on the Spores of B. subtilis and 
B. MESENTERICUS IN THE PRESENCE OF 50 PPM WHEAT FlOUR 


Germicidal agent 


Concentration 
of available 
chlorine in ppm 

Chloramine B 

Chloramine T 

Sodium hypochlorite 


200 sec 

500 sec 

I 

200 sec 

500 sec 

200 sec 

500 sec 


B. SUBTILIS 


0 

-f 

-f 


-f 

4- 

4- 

25 

4- 

+ 


4- 

4- i 

4- 

50 

4- 

+ 


_j- 

+ ! 

-f 

75 

-f 

— 

+ 

4- 

— 

4- 

100 


— 


_ 


— 

150 

— 

— 

i 

— 

— 

— 


B. MESENTERICUS 


0 

4- 

4- 

•b 

4- 

+ 

4- 

25 ; 

+ 

4- 

4- I 

4- 

4- 

+ 

50 

4- 

4- 

+ 

4- 

4- 

— • 

75 

4" 

-- 

■f 

4- 

4- 

— 

100 

— 

— 

— 

— 

4- 

— 

150 

— 

. — 

— 

— 

— 
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with its addition in Table II, to provide some added organic matter in 
the system similar to that which in cornnierciai practice is always 
present. 

No differences in resistance to germicidal action beyond those of 
experimental error of the method seem to exist between the test or- 
ganisms. The addition of small amounts of wheat flour has shown 
only the most minor effect though it is possible that quantities of 
greater magnitude might exert some unfavorable effect. 

F'inally, the three chlorine germicides, Chloramine B, Chloramine T, 
and sodium hypochlorite, have averaged almost precisely equal in 
efficiency when used at the same available chlorine level. 

vSeventy-five ppm available chlorine is about the critical concentra- 
tion for 500 sec exposure and 100 ppm must be used for assurance of 
complete killing. One hundred ppm available chlorine is about the 
critical concentration for 200 sec exposure and 150 or possibly 125 ppm 
is required for assurance of complete killing within this shorter period. 

Summary 

Three germicides have been evaluated for their action on the spores 
of thermoduric bacteria of wheat, tests being made on the spores in 
pure cultures.' " ' 
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Sodium hypochlorite, Chloramine B, and Chloramine T compared 
at equal levels of available chlorine are approximately equally effective 
towards the organisms tested. 
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SOME FACTORS AFFECTING THE DETERMINATION OF 
RIBOFLAVIN BY THE FLUOROMETRIC METHOD ‘ 

A. Hoffer,^ a. W. Alcock,® and W. F. Geddes^ 

(Received for publication May 2, 1044) 

Fliiorometric methods for the assay of riboflavin have come into 
wide use for production control purposes as they are more rapid and 
convenient than the microbiological procedure. The collaborative 
studies of the Subcommittee on Riboflavin Assay of the American 
Association of Cereal Chemists (Andrews, 1943, 1943a) have demon- 
strated that while these two types of assays yield comparable average 
values, wide variations occur in the results of individual collaborators 
for each of the methods, Andrews (1943b) has shown that the assay 
values by both procedures decrease as the quantity of sample taken 
for analysis is increased. The second collaborative study (Andrews, 
1943a) indicated that variations in the efficiency of different lots of 
‘^Florisil” to adsorb riboflavin might be a possible source of error in 
the fluorometric procedure investigated by the subcommittee and it 
was recommended that the efficiency of Florisil should be checked by 
adding riboflavin to cereal extracts under study and determining the 
amount which can be 'Vecovered” by assay. Oxidation with perman- 
ganate to destroy interfering pigments was found to be essential in 
^ ^ ^ ^ !, ' 
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the assay of bread but from preliminary experiments it, appeared to 
be unnecessary for enriched flour. 

These collaborative studies have shown that the assay of riboflavin 
is not a simple problem and that there is a need for a detailed investi- 
gation of the various steps in the fluorometric procedure. During the 
course of experiments conducted with the object of developing a rapid 
fluorometric technique for routine mill control work, some studies 
were made of the effect of size of sample, of the efficiency of adsorption 
on Florisil, and of the choice of light filters on assay values. These 
are presented in this paper. 

Experimental 

The Reference Method, The assay procedure employed as a stand- 
ard of reference in these experiments was based principally on the 
work of the Subcommittee on Riboflavin Assay (Andrews, 1943 and 
1943a) with some changes suggested by our own experience. The 
essential features of the reference method are as follows: 

Suspend 1 g of sample in 50 ml of 0.1iVH2SO4 and digest for 1 hr at the tem- 
perature of boiling water. Cool, add 12 ml of 6.5% Na 3 P 04 * 12 H 20 and 2 ml of 
glacial CHgCOOH, Make up to 100 ml with water, ad d^ 1 g of Celite and filter. 
To a 50-ml aliquot of the clear extract add 1 ml of 4% KMn 04 solution, followed, 
1 min later, by 1 ml of 3% H 2 O 2 solution. The adsorption, elution, and measure- 
ment of the riboflavin are carried out as described by Andrews (1943a). 

Effect of Sample Size and Florisil Efficiency, Extracts were pre- 
pared from 1, 3, 6, and 10 g of second clear flour (Sample No. 1, ash 
content 1.2%) as outlined in the reference method. Fifty ml of each 
filtered extract was passed in succession through a series of four ad- 
sorption tubes containing 1.1 g of Florisil (Lot No. 1) and the ribo- 
flavin adsorbed by each tube was determined. In a parallel experi- 
ment, different volumes of one extract (10 g of flour to 100 ml) were 
each passed through a series of four adsorption tubes and the riboflavin 
which was taken up in each tube determined. These experiments 
were repeated later with a new lot of Florisil (No. 2) and another 
sample of clear flour (No. 2). 

The results for equal volumes of clarified extracts representing 
various weights of flour are recorded in Table 1. As the sample size 
is increased, a smaller fraction of the total riboflavin of the extract is 
adsorbed in the first tube. Florisil No. 1 required three tubes to 
adsorb all the riboflavin when a 1-g sample was used, and a single tube 
adsorbed less than 50% of the riboflavin of the extracts prepared 
from 6 and 10 g of clear flour. Florisil No. 2 was much more efficient. 
Despite the fact that adsorption was apparently complete with this 
Florisil for all the extracts after they had been passed through the 
third tube, the total recovery decreased with increasing sample size 
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TABLE I 

Effect of Sample Weight on Adsorption of Riboflavin from Clarified 
Flour Extracts by Florisil 


Sample 

Flour 1 
equivalent 
in aliquot 

Riboflax'in adsorbed 

weight 

Tube 1 

Tube 2 

Tubes 

Tube 4 

Total 

' ^ ' 

S 

MS/g 

, MS/g 

iig[g 

iJ-gfg 

t^glg 


florisil no. 1 


1 

0.5 

0.95 

0.11 

1 1 

0.05 

. 0.00 

1.11 

3 

1.5 

0.57 

0.24 

0.12 

0.03 

0.96 

6 

3.0 

0.45 

0.26 

0.16 

0.07 

0.94 

10 

5.0 

0.44 

0.24 1 

0.14 

0.09 

0.91 


florisil no. 2 


1 

0.5 

1.15 

0.00 

0.00 

0.00 

1.15 

3 

1.5 

0.97 

0.08 

0.00 

0.01 

1.06 

6 

3.0 

0.84 

O.ll 

0.03 

0.01 

0.99 

10 

5.0 

0.76 

0.16 

0.03 

0.01 

0.96 


1 The flours employed in preparing the extracts for use with Florisil No. 1 and No, 2 were different 
samples of clear flour. 


SO that some factor in addition to Florisil efficiency is apparently 
partly responsible for the sample size effect. Actually only about 
one half the lowering of the assay values, obtained by the use of single 
tubes, which result from taking larger sample weights can be accounted 
for by incomplete adsorption of the extracted riboflavin by Florisil 
No. 2. For example, the assay value for the 3-g sample is 0,18 /ig/g 
lower than that for the 1-g sample, and after complete adsorption a 
difference of 0.09 jug/g still remains; similarly, the assay values for the 
5- and 10-g samples, based on the results of single adsorptions, are 
0.31 and 0.39 /ig/g lower than for the 1-g sample, while the results 
after complete adsorption are 0.15 and 0.20 jug/g lower. 

The results obtained when different volumes of the same clarified 
extract were each passed through a series of four Florisil tubes are 
recorded in Table II. Here the differences are due entirely to ineffi- 
cient adsorption; as the aliquot was increased, more and more ribo- 
flavin escaped adsorption by the first tube. Dilution of the aliquots 
before adsorption had no effect on the results. If, however, 10 g of 
flour was digested with 50 ml of sulfuric acid and appropriate amounts 
of sodium phosphate, acetic acid, sulfuric acid, and water added to 
bring the volume to 1 liter instead of 100 ml and an aliquot oxidized, 
the same riboflavin values were obtained as when 1 g of sample was 
digested and diluted to 100 ml. 
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TABLE 11 

Effect of Aliquot' Volume on Adsorption of Riboflavin' from Clarified 
Flour Extracts i by Florisil 


AHciuot 

Ril^flavin adsorbed 

Tube 1 

Tube 2 

T ube 3 1 

Tube 4 

Total 

ml 


^ig/g \ 

~ . "I 

Mgfs 

fj-gig 

f^g/g 


FLORISIL NO. 1 


25 

0.67 

0.28 

0.07 

0.04 

1.06 

50 

0.49 1 

0.32 

0.11 

0.07 

0.99 

75 

0.34 

0.31 

0.15 

0.14 

0.94 

100 

0.29 

0.28 

0.14 

0,16 

0.87 


FLORISIL NO. 2 


5 

0.92 

0.03 

0.00 

0.00 

0.95 

15 

0.92 

0.05 

0.01 

0.00 

0.98 

30 

0.83 

0.13 

0.02 

0.00 

0.98 

40 

0.76 

0.13 

0.05 

0.01 

0.95 

50 

0.76 

0.16 ! 

0.03 

0.01 

0.96 


1 The flours employed in preparing the extracts for use with Florisil No. 1 and No. 2 were different 
samples of clear flour. 


The results given in Tables I and 11 show that increasing the size 
of sample has two effects: first it decreases the efficiency of extraction 
and secondly it decreases the adsorption efficiency of Florisil. With 
Florisil No. 2, these effects were of approximately equal magnitude. 

A number of facts lead to the suggestion that soluble substances de- 
crease the adsorption efficiency of Florisil in proportion to the quan- 
tities which are present in the clarified extracts. Even Florisil No. 1, 
which was of low efficiency, adsorbed riboflavin quantitatively from 
aqueous or buffered acid solutions as a sharp band near the top of the 
column. The lowered efficiency with flour extracts as the sample size 
is increased must therefore be ascribed to the presence of increasing 
quantities of impurities in the extract. That the amount rather than 
the concentration of these substances is the controlling factor is sup- 
ported by the fact that dilution of extracts after clarification had no 
effect on the efficiency of adsorption. 

To determine whether pure riboflavin added to a flour extract \yas 
adsorbed more readily than that naturally present, an extract of second 
clear flour (No. 2) was prepared using a sample extractant ratio pf 
7 g to 100 ml and divided into two equal portions after filtration^ 
To one, pure riboflavin was added in the proportion of 1 /xg/lO ml.X 
The enriched and unenriched extracts were each passed through a 
Florisil tube (Florisil No. 2) and were collected in successive 10-ml 
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TABLE in 

The Fluorescence of Successive Portions of an Extract of Second Clear 
Flour, with and without Added Riboflavin, after 
Passing Through Florisil 


Portion 

Total of 
portions 

Fluorescence ^ 

Riboflavin adsorbed “ 

Without added 
riboflavin 

With added i 
riboflavin 

Native 

riboflavin 

Added 

riboflavin 


ml 



% 

% 

1 

10 

0.0 i 

0.5 

100 

100 

2 

20 

1.0 

1.0 

97.5 

100 

3 

30 

1.5 

1.0 

95.8 

100 

4 

40 

1.5 

1.0 

95.0 

i 100 

5 

50 

1.5 

1.5 

1 94.5 

1 100 

6 

60 

3.0 

3.0 

93.0 

I 100 

7 

70 

4.5 N 

5.0 

90.7 

t 100 

8 

80 

6.5 

6.5 

87.8 

100 

9 

90 

8.5 

10.5 

84.4 

99.2 

10 

100 

10.0 I 

14.0 

81.0 

1 97.9 

11 

no 

14.0 

21.5 

76.4 

! 95.8 

Original Extract 

20.0 

49.0 

1 

i 

I 


1 Units of deflection of Coleman photofluorometer less blank. 

2 As percentages of the total quantities passed through the columns, calculated as follows: 

% Native riboflavin adsorbed from 110 ml = ^ ^ =76.4 

^ , 100 X {(11 X(49 -20))] ~(b -a) ^ 

% Added riboflavin adsorbed from 110 ml ii ' x ^9 — 20) ~ 

Where a equals the sum of the values in column 3, and b the sum of the values in column 4. 

portions, the fluorescence of which was measured with the results 
shown in Table III. 

Added riboflavin was completely adsorbed until 80 ml of the ex- 
tract (containing 8 of added riboflavin) had passed through the 
column. Of the 5.5 of native riboflavin in this volume of extract, 
only 87.8% was adsorbed. It is thus evident that pure riboflavin 
added to a flour extract may be quantitatively adsorbed, while the 
riboflavin native to the extract is only partially adsorbed. When 
more than 80 ml of the solutions were used, it was found that the 
enriched extract contained more riboflavin after adsorption than the 
unenriched extract from the other tube, indicating that some of the 
added riboflavin was leaking through the Florisil. Other experiments 
showed that the recovery of riboflavin added to filtered second clear 
extracts decreased as the concentration of the extract increased. 

When riboflavin was added to the mixture of flour and extractant 
either before digestion, or after digestion and cooling, the recoveries 
were lower than when the addition was made to the clarified extracts. 
The low recoveries which may be obtained when varying amounts of 
riboflavin are added to 10 g of second clear flour, either before extrac- 
tion, or to the flour and extract before dilution, will be seen from the 
results 'III Table IV,: " While The extract was concentrated, only TO' m! 
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was passed through a Florisil tube in each case. Under these con- 
ditions all the added riboflavin, and all except about 0.04 fig of the 
native riboflavin actually in solution, is adsorbed on the Florisil. 
Sample No. 2 was used in this experiment and,’ as shown in Table I, 
this flour gave a result of 1.15 fxg of riboflavin per gram' when 1 g was 
taken for ■ assay. 

TABLE IV 


Recoveries of Riboflavin Added to 10 g of Flour before and 
AFTER Digestion 


Added 

Found 

! 

Recovery 

Riboflavin 

total 

Native’ 4-added 

1 

Total in 
extract 

Total ad.sorbed 
on flour 

i^glg 


% 

A? 

gg 

gg 


RIBOFLAVIN ADDED 

BEFORE EXTRACTION 


0.0 i 

0,96 

! 

11.5 

9.6 1 

1.9 

1.0 

1.80 

84.0 : 

21.5 

18.0 1 

3.5 

2.0 

2.69 

86.5 

31.5 

26.9 1 

4.6 

3.0 

3.47 

83.7 

41.5 

34.7 

6.8 


RIBOFLAVIN ADDED 

AFTER EXTRACTION 


0.0 

0,93 



11.5 

9.3 

2.2 

1.0 

1.87 

94.0 

21,5 

18.7 

2.8 

2.0 

2.75 

91.0 

31.5 

27.5 

4.0 

3.0 

3.60 

89.0 

41.5 

36.0 

. 5 . 5 , , 


1 The flour was found to contain 1.15 jug of riboflavin when a 1-g sample was taken for assay. 


The low recoveries of added riboflavin were due to the operation 
of the “extraction factor which appears from Table IV to be nothing 
more than the adsorption of native or added riboflavin by the flour 
residues which are left on the filter paper. The riboflavin thus ad- 
sorbed can be released by dilution. 

Filters, After testing various Corning glass filters, Conner and 
Straub (1941) recommended the use of filter 511 for incident light and 
filter 351 for fluorescent light. They found that an aqueous solution 
of riboflavin gave the highest fluorescence readings and the lowest 
blank with this combination of filters. In our assays it proved un- 
satisfactory. Pyridine el uates are extremely sensitive to ultraviolet 
light, and their fluorescence dropped very rapidly when filter 511 was 
used alone for the incident light. On opening the shutter, the gal- 
vanometer needle swung over to a maximum and then immediately 
began to fall off. It seemed certain that all our readings were slightly 
low and, what was more important, that the error depended upon, the 
variable time required to get a reading after opening the shutter. 
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A more serious difficulty was that of determining the blank for 
unenriched patent flours. Each addition of sodium hydrosulfite, after 
the first one, caused a small decrease in the fluorescence so that it was 
impossible to select any particular reading as the blank. Eventually 
both difficulties were overcome by using Corning filter 038 in combi- 
nation with 511 for the incident light as recommended by Andrews 
(1943). By means of a Coleman spectrophotometer, set for a wave 
length of 445 m^, it was found that filter 038 transmitted only 50% 
of the incident light. When screened from the light source by filter 
038, the fluorescence of pyridine eluates decreased far less rapidly, 
while the uncertainty as to the blank readings for flour eluates also 
disappeared. 

Since others have experienced trouble in getting satisfactory blank 
values (Andrews, 1943 and 1943a), the results of an experiment to 
show the effect of using filter 038 are reported. Additions of a S% 
solution of sodium hydrosulfite in ice-cold water were made to 10 ml 
of a pyridine eluate from flour, and the instrument reading, without 
filter 038, was taken after each addition. The filter was then inserted 
and the experiment repeated with another portion of the same eluate. 
An eluate from a sample of enriched bread was treated in the same 
manner. The results are shown in Table V. 


TABLE V 

Effect of Additions of Sodium Hydrosulfite on the Fluorescence 
Readings OF Pyridine Eluates without and with Filter 038 


Hydrosulfite 

added 

Fluorescence readings ^ 

Flour 

Bread 

Filter 038 

Filter 038 

Out 

In 

' Out ; j 

In 

mg 


i 



10 

16.2 

6.1 

10,1 

. 4.5 , 

20 

12,4 

5,5 

8.2 

■ 4.1 ■ ■ 

30 

10.5 

5.3 

7.4 

3.7 , ■ 

40 

9.1 

4.8 

■.7,3 ' 

3.7 

.. 50 ■ 

8.7 

4.5 

6.9 

, ' 3.5'", ■ 

''70 

6.8 

4.0 

. '5.7 

,7 3.4 '■■" ,:■,■ 

, ■' 125/, 

5,0 

1 ,■ ■■3.5, /. 

5.0 

3.1 

stiniated blank 

? 

j. '4-5 ■ 

6-7? 

' ' 'S.S-LO '■ ', 


1 Units of deflection of Coleman photofluorometer corrected for dilution; ordinarily the instrument 
is read to the nearest 0,5 units. 


The difficulty of selecting the blank reading for the flour eluate 
without filter 038 will be obvious. When the filter was used, however, 
the range of imcertainty did not exceed one degree on the instrument 
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scale. The advantage of using the extra filter for the bread eluate 
was less pronounced. . 


Discussion 

Though the choice of a low-grade flour and the use of concentrated 
extracts for some of the experimental work have exaggerated the cliffi- 
ciilties, it is evident that there are many sources of error in the fluoro- 
metric procedure, as represented by the reference method, for the 
determination of riboflavin. Some of the most serious errors are a 
consequence of the limitations of Florisil as an adsorbent for ribo- 
flavin. These limitations vary from one lot of Florisil to another ^ and 
have a greater or lesser eft'ect upon the assay results depending upon 
the concentration, volume, and clarity of the extracts from which the 
riboflavin is adsorbed. In a rapid method for the determination of 
riboflavin described by the authors, the adsorption step has been 
eliminated® (Hoffer, 2\lcock, and Geddes, 1944). 

Since added riboflavin was more readily adsorbed by Florisil than 
the riboflavin native to flour extracts, good results of recovery tests 
can never justify confidence in the results of riboflavin assays. This 
does not mean that such tests are valueless, for low recoveries will 
certainly indicate low assay values. The test should be carried out, 
however, by adding the riboflavin before digestion and using the same 
weight of sample and the same aliquot volume as are used in the assay 
itself. The galvanometer i-eading must then be brought within the 
desired range by taking a suitable volume of eluate. The quality of 
a new lot of Florisil can best be checked by comparing it with satis- 
factory material. When this cannot be done, useful information as 
to the limitations of the Florisil may be secured by passing extracts 
through a number of adsorption tubes in series as described earlier. 

Other practical consequences of these studies were that in later 
work no more than 1 g of sample was taken for assay, and, to be on the 
safe side, the amount of Florisil used per tube was increased from 1.1 
to 1.8 g (6.25 cm). 

Our experience also indicates the need for carrying out the adsorp- 
tion from perfectly clear extracts. We have found a No. 40 Whatman 
paper suitable for filtering flour extracts and that filtration can be 
speeded up by use of Celite. This material does not adsorb riboflavin. 

Pure riboflavin adsorbed from aqueous solution is very firmly held 
by Florisil and cannot be removed by washing with a large volume of 

^ The Floridin Company informed us that these variations have now been eliminated. 

B While our studies were in progress, adsorption on Florisil was one of the steps in the fiuorometric 
analyses of enriched flour and bread which was under investigation by the 1943-44 Subcommittee 
on Riboflavin Assay. The report of their studies (Cereal Chem. 21: 398-407, 1944) has appeared 
since the submission of this manuscript and confirms our finding that the adsorption step can be 
: omitted. 
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water. Native riboflavin adsorbed from flour extracts, and possibly 
from other materials, is much less firmly held and some losses may 
occur when the Florisil is washed. Accordingly, the minimum amount 
of water (not more than 10 ml) should be used for washing. 


Summary 


A number of sources of error in the fluorometric method for the 
determination of riboflavin have been studied. 

Two factors may contribute to the sample size effect. They are: 

(1) Adsorption of riboflavin on the residues remaining after extraction. 

(2) Less complete adsorption by Florisil of the riboflavin from more 
concentrated extracts. The magnitude of the effect of the second 
factor depends upon the aliquot volume and the quality of the Florisil. 
Riboflavin adsorbed on the extraction residues goes into solution upon 
dilution. 

Pure riboflavin is adsorbed more readily by Florisil than the native 
riboflavin of flour extracts. This difference must be taken into ac- 
count when considering the significance of recovery tests. Suggestions 
have been made for carrying out recovery tests and for checking the 
adsorbing qualities of Florisil. 

Extracts should be freed from any suspended material before they 
are passed over Florisil. Native riboflavin adsorbed on Florisil may 
be removed by washing, and accordingly the minimum amount of 
wash water should be used. 

The use of Corning filter 511 alone for the incident light proved 
unsatisfactory owing to the photosensitivity of riboflavin in pyridine 
eluates and to the difficulty of finding the blank values for patent flour 
eluates. The use of a combination of Corning filters 511 and 038 for 
the incident light with 351 for the fluorescent light eliminated these 
difficulties as sources of important errors. 
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A RAPID METHOD FOR THE DETERMINATION OF 
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The need for a rapid precise assay of riboflavin in wheat and wheat 
products led to an investigation of the possibility of using a portion of 
the extract obtained in the determination of thiamine by the rapid 
method described by the authors (Hoffer, Alcock, and Geddes, 1943). 
From this starting point the rapid method of riboflavin assay described 
in this paper has been developed and employed in the analysis of 
wheats, flour and feed streams, and enriched flours in comparison with 
a reference procedure. The use of Florisil and pyridine is eliminated 
and a single determination can be made in 60 to 70 min. 

The Reference Method 

The assay procedure employed as a standard of reference in these 
experiments was a modification of the fiuorometric method used by the 
Subcommittee on Riboflavin i\ssay (Andrews, 1943, 1943a). The es- 
sential features of this reference method have been described by Hoffer, 
Alcock, and Geddes (1944) in connection with their study of certain 
steps in the fluorometric method. In view of the results of the experi- 
ments on light filters, all the reference method values given in the pres- 
ent paper were obtained by using a combination of Corning glass filters 
511 and 038 for the incident light and 351 for fluorescent light. 

The Rapid Method 

After some preliminary studies the following rapid method tor the 
determination of riboflavin in wheat and wheat products was developed. 

Apparatus 

(1) Photofluorometer. ■ 

(2) Centrifuge and 50~nil centrifuge tubes, preferably without lip. 

(3) Boiling tubes. 

, Mmgents ^ 

(1) Potassium chloride solution. Dissolve 250 g in 2% acetic acid and make 
up to 1 liter, 

(2) Potassium permanganate solution. 0.5% freshly prepared. 

(3) Hydrogen peroxide 0.3%. 

(4) Sodium fluorescein. Stock solution — 10 mg to 1 liter. Working standard 
(0.05 /Ag/mi)~~dilute stock solution 5 to 1000. 

' (5) Sodium hydrosulfite. 

(6) Riboflavin standard. 1 Mg/ml. 

1 Paper No. 2200, Scientific Journal Series, Minnesota Agricultural Experiment Station. This paper 
represents a portion of a thesis to be presented to the Graduate School of the University of Minnesota iu 
partial fulfillment of the requirements for the degree of Doctor of Philosophy. 

2 Chemist, Western Canada Flour Mills Co, Ltd., Winnipeg, Manitoba. 

s Chief Chemist, Western Canada Flour Mills Co. Ltd., Winnipeg, Manitoba, 

^ Professor of Agricultural Biochemistry, University of Minnesota. St. Paul, Minnesota. 
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Method. Place 0.5 g of sample in a 50-mI centrifuge tube with 20 mi of the KCl 
solution. Break up any lumps by means of a glass rod. Place the centrifuge tube 
in a water bath at 70°C, cover with a boiling tube to prevent evaporation, and leave 
for 30 min. At the end of this time, stir the mixture to break up any lumps that have 
formed, and then centrifuge at 2500 rpm for at least 10 min - 

Transfer a S-ml aliquot of the supernatant solution to a cuvette and add 5 ml of 
water. Now add rapidly 1 ml of KMn 04 solution and, after 3^ min, 1 ml of H 2 O 2 . 
After the gas bubbles have cleared, read the fluorescence (A). Add 1 ml of riboflavin 
standard and again read the fluorescence (B). Add about 30 or 40 mg of solid sodium 
hydrosulfite, followed by further additions of about 10 mg each, and read the fluor- 
escence after each addition. When an addition of hydrosulfite fails to reduce the 
reading, that reading is taken as the blank fluorescence (C). 

The riboflavin content of the sample is calculated as follows: 

Riboflavin /xg/g = ^ 

The use of the factor 1.08 is necessitated by the increase in the volume of the 
liquid in the cuvette from 12 ml to 13 ml upon the addition of the riboflavin standard. 

Sample Size Effect in the Rapid Method. That sample size affects 
assay values obtained by the rapid method is evident from the results 
in Table I. 

TABLE I 

Effect of Sample Size on the Results of Assays for Riboflavin 
BY THE Rapid Method 


Weight 

of 

sample 

Riboflavin content 

Patent 

flour 

Enriched 

flour 

! Enriched 

1 bread 

1 

Whole 

1 wheat 

1 ' 

' Bran 

Shorts 

■ ■ i . ' 

mtg 

M(g 


mk 

Mg/g 

mlg 

1.50 

0.20 

2.15 

2.70 

1,04 

2.39 

■2.47 

1.00 

0.22 

2.10 

2.77 

1.06 

2.57 

2.85 

0.75 

0.26 

2.31 

2.82 

1.07 

2.87 1 

2.99 

0.50 

0,29 

2.44 

3.09 

1.16 

2.98 

3.17 


In order to minimize the effect of sample size, the weight of sample 
taken for assay by the rapid method was fixed at 0.5 g. It was imprac- 
ticable to use a smaller quantity because of the low fluorescence read- 
ings of the extracts. 

Filters. The Corning 351 fiilters supplied with the Coleman photo- 
fluorometer vary considerably in density. With the same solution of 
sodium fluorescein and the same setting of the diaphragm, three filters 
gave the following instrument readings: 60, 49, and 40. All the work 
reported here was done with the least dense of these three filters and 
even then the readings for unenriched patent flours were very low. 

For the purpose of increasing the fluorescence readings, filter 038 
was removed when dealing with rapid method extracts. No difficulty 
was experienced in, getting satisfactory blank readings without this 
filter, as will be apparent from Table II which shows the effect of addi- 
tions of sodium hyclrosulfite on the fluorescence of rapid method 
extracts.' , 
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TABLE 11 


Effect of Additions of Sodium Hydrosulfite on xhe Fluorescence Readings 
OF Rapid Method Extracts — without Filter C. G. 038 


ilydrosuifite 

added 


Fluorescence readings > 


Flour 

Bread 

Bran 

mg 

10 

1.5 

3.5 

15.0 

20 ' 

1.5 

2.8 ' 

8.6 

30 

1.3 

2.5 

6.1 

40 

1.0 

2.4 

5.1 

50 

— 

2.3 

5.2 

60 

— 

2.3 

4.7 

70 

— 

2.5 

4.7 

SO 

— 

— 

4.5 

90 

— 

— 

4.3 

100 

1.0 


4.3 

Estimated blank 

1.0 

2.5 

4.5-~5.0 


i Units of deflection of Coleman photofluorometer corrected for dilution. Ordinarily the instru- 
ment is read to the nearest 0.5®, 


Rapid method extracts have a lower fluorescence and are much less 
sensitive to ultraviolet light than pyridine eluates, even though 25% 
potassium chloride in 2% acetic acid transmits 99% of the light trans- 
mitted by water. Because of this greater stability, riboflavin assays 
by the rapid method can be made in diffused daylight. When using 
the reference method, the blinds were drawn, the laboratory was 
illuminated with orange-colored lights, and solutions containing ribo- 
flavin were covered with a black cloth. 

It should be noted that 2 or 3 min after the first addition of sodium 
hydrosulfite to a rapid method extract, the solution starts to become 
opalescent owing to the precipitation of sulfur. There is, however, 
plenty of time before this occurs to determine the blank. In the case 
of pyridine eluates, the released sulfur is dissolved, causing the solution 
tO; turn yellow. ■ 

Concentration of Potassium Chloride for Extraction. Because 25% 
potassium chloride in 2% acetic acid was used as the extractant in the 
rapid method for thiamine assay, it was also used for the riboflavin 
determination. But when it was decided to fix the sample weight at 
G.5 g for riboflavin assays, and it became no longer possible to consider 
the routine use of portions of the same extract for both thiamine and 
riboflavin determinations, no strong a priori reason for using this par- 
ticular extractant remained. 

In the method as outlined above, 5 ml of extract is diluted with 5 m! 
of water before oxidation with permanganate. Before trying other 
concentrations of potassium chloride, a few determinations were made 
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TABLE in 

Riboflavin Values as Determined by Measuring the Fluorescence of 
Undiluted and Diluted Rapid Method Extracts and by 
THE Reference Method 


Sample 

Riboflavin content 

Rapid method 

Reference 

method 

Undiluted extract 

Diluted extract 


figlg 

t^glg 


Bread 

3.44 

3.21 

3.34 

Bran 

4.23 

3.13 

3.23 

Shorts 

3.76 

2.91 

2.60 

Whole wheat 

1.39 

1.21 

1.21 


using 10 ml of the undiluted extract for fluorometric measurement. 
The results are given in Table III. 

The diluted extract gave results closer to those obtained by the 
reference method than did the undiluted extract. Another disad- 
vantage of the undiluted extract was that it foamed excessively when 
hydrogen peroxide was added and took a longer time to clear. 

Extractions with various concentrations of potassium chloride in 2% 
acetic acid gave the results reported in Table IV. In each case 5 ml of 
the extract was diluted with S ml of water before the addition of per- 
manganate. 

TABLE IV 

Riboflavin Values as Determined by Extraction with 
. Various Concentrations of Potassium Chloride 


KCl 

concen- 

tration 

Riboflavin content 

Fluorescence 
reading ^ — 1 Mg 
of riboflavin 

Flour 

Bread 

Bran 

Shorts 

Whole 

wheat 

' Germ 

'% . 

m!g 

mli 

figfg 

i^g/g 

/J-gfg 

^ i^gk 


0 

\ . — 

3.21 

2.90 

3.20 

1.32 

4.47 

71 ■ 

, 5 . 

0,32 

3,35 

2.64 

3.59 

1 1.12 

4.48 

60 

10 

0,34 

3.13 

3.24 

3,00 

1.13 

5.08 

■ ■ 52 ■ , 

15 ■ 

0.34 

3.27 

3.29 

2.80 

1.24 

5.04 

48 ■' 

20 

0.37 

3.16 

3.24 

2.87 

1.25 

5.06 

"■ "45 

25 ' 

0.34 

3.21 

3.13 

2.91 

1.21 

5,28 

■ 42 ■ 

Reference 

0.32 

3.34 

3.24 

2.60 

1.21 

5.03 


method 

^ — 








^ Obtained by adding 5 ml of water, 1 ml of ICmnO^ solution, 1 ml of HaOa solution, and I ml of 
the riboflavin standard to 5 ml of KCI solution of the indicated concentration. 


Concentrations of 0% and 5% were ruled out because they yielded 
cloudy extracts in the case of flour, shorts, and whole wheat. There 
was little to choose between the other CGncentrations of potassium 
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chloride and, as, some data had already been accumulated using the 
25% solution, it was employed for the rest of the work. 

Application of the Rapid Method to Flours and Mill Feeds 

All the flour and feed streams from a large commercial mill were 
analyzed for riboflavin, in duplicate and on different days, by the rapid 

TABLE V 

Riboflavin Values on Flour and Feed Streams as Determined 
BY THE Reference Method and by the Rapid Method with 
AND without Permanganate Treatment 


Stream 

1 

Asli 

Ri 

Reference 

method 

;boflavin content 

Rapid method 

i Witli 

KMn04 

Without 

KMiiO.! 


% 


MS/g 

P-gk 

(a) 2nd middlings 

0.34 

0.34 

0.35 

0.36 

4th middlings 

0.37 

0.42 

^ 0.33 

0.41 

ist middlings 

0.38 

0.34 

1 0.35 

0.46 

3rd middlings 

0.39 

0.47 

0.36 

0.41 

Coarse sizer 

0.41 

0.44 

0.31 

0.34 

Fine sizer . 

0.43 

0.38 

0.39 

0.47 

5th middlings 

0.44 

0.44 

1 0,36 

0.39 

6th middlings 

0.48 

0.41 

! 0.40 

0.51 

7th middlings 

0.49 

0.40 

0,37 

0.56 

2nd and 3rd break 

0.51 

0.49 

, 0.38 

0.53 

1st tailings 

0.54 

0.55 

0.43 

0.61 

Roll dust 

0.55 

0.47 

0.46 1 

0.54 

8th middlings 

0.61 

0.55 

0.49 

0.72 

4th break 

0.68 

0.41 

0.43 

0.60 

2nd quality 

0.72 

0.59 

0.56 

0.67 

Purifier dust 

0.72 

0.57 

0.49 

0.63 

1st break 

0.72 

0.59 

, 0.56.' - 

0.70 

1st middlings scalp 

0.75 

0.53 

0.55 

0.67 

1st chip 

0.84 

0.69 

0.67 

0.80 

1st germ 

0.93 

0.69 

0.66 

0.87 

1st low grade 

0,96 

0.79 

0.69 

0.86 

Sth break 

1.12 

0.85 

0.81 

1.06 

2nd germ and chip 

1,28 

0.99 

0.88 

1.18 

2nd low grade 

1.37 

1,01 

0.95 

1.13 

Mean— all flour streams 


0.56 

0.51 

0.65 

(b) Low grade tailings 

1.78 

1.06 

0.91 

1.36 

3rd low grade 

2.04 

1,66 

1.60 

1,95 

Bran and shorts duster redresser 

2.25 

1.61 j 

1.55 

2.23 

Bran and shorts reel 

2.30 

1,68 

1.50 

2.05 

Feed middlings 

2.90 

2.52 

2.62 

3.91 

' "/Feedraiddlmgs' , ■ , ; 

3.31 

2.37 

2. .30 

3.38 

Feed middlings 

3.75 

3.34 

3.31 

' 4.89 

'Shorts,: V', V,,., 

4.19 

2,99 

3.18 

■ 5.53 

■3ran/,' " 

5.76 i 

2.56 

2.65 

■ 4.28,' 

, ' 'Mean— all feed streams ' ' 


2,20 

j/ , 2.18 '' 

i '3.28 

Mean— for all samples 

' '' i 


1,01 

0.97 

■' 1.36' V,; 
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method with and without permanganate treatment. The feed samples 
were analyzed in duplicate on different days by the reference method, 
but the reference method values for the flour samples were the results 
of single determinations. The results are given in Table V. 

Generally speaking, there was excellent agreement between the 
values obtained by the rapid method using permanganate and by the 
reference method. The results of a statistical analysis of the values in 
Table V are given in Table VI. 

TABLE VI 

Means, Standard Deviations, and Correlation Coefficients of Riboflavin 
Values as Determined by the Reference Method and the Rapid 
Method (Using permanganate) ^ 


Material 

i 

Mean 

. Standard deviation 

Correlation 

coefficient 

Reference 

Rapid 

Reference 

Rapid 

. ' ■ 1 

Flour streams 

0.56 

O.Sl 

0.19 

0.18 

0.970 

Feed streams 

2.20 

2.18 

0.70 

0.78 

0.994 

All streams j 

LOl 

0,97 , 

0.83 

0.86 j 

0.997 


'^ Statistical summary of data in Table V. 


The results of assays by the rp,pid method were slightly lower on the 
average than those obtained by the reference method. Although this 
difference is statistically significant it is so small that for practical pur- 
poses it can be ignored. 

The rapid method assays without permanganate were carried out to 
determine whether oxidation of the extract was essential. It will be 
seen from Table VII that the effect of permanganate treatment in- 
creased as the ash content of the material increased. 

For lower grade flours and feeds, treatment of rapid method extracts 
with permanganate is obviously necessary, but with flours containing 
up to 0.60% ash, the results were equally good whether permanganate 
was used or not. For enriched and unenriched patent flours, oxidation 
with permanganate can therefore be omitted, although this step was 
carried out in securing the rapid ’method results still to be considered. 

Application of the Rapid Method to Whole Wheat 

Sixteen samples of whole wheat, ground so that all except a small 
amount of branny material passed a 44 GG sieve, were analyzed in 
duplicate on different days by both methods. The means of the results 
were asiollows::.'.; 

'' Reference'rnethod.,.':-.: ■ :1.12'',jLig/g' 

;^.Vr^:Rapid' -method,' 
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TABLE VII 

Mean Riboflavin Values for Mill Streams Grouped According to Ash 
Content; as Determined by the Reference Method and the 
Rapid Method with and without Permanganate 


No. of samples 

Ash range 

Riboflavin content 

Reference 

method 

Rapid method 

With KMnO-t 

Without KMnO.» 


’ 

Mg/g 

ug/g 

. Aig/g 

4 

0.35-0.39 

. 0.39 

0.35 1 

0.41 

5 

0.40-0.49 

0.41 

0.37 

0.45 

3 

0,50-0.59 

0.50 

0.44 

0.56 

6 

0.60-0.79 

0.54 1 

0.51 

0.67 

3 

0.80-0.99 

0.72 1 

0.67 

0.84 

4 

1.00-1.99 

0.98 ' 

0.89 

1.18 

4 

2.00-2.99 

1.87 1 

1.82 

2.54 

2 

3.00-3.99 

2.86 1 

2.81 1 

5.21 

2 

4.00-5.99 

2.78 

2.92 

3.79 


As was the case with the mill streams, the rapid method gave 
results that, on the average, were 0.04 jug/g lower than those yielded by 
the reference method. Though small this difference was significant. 

Precision of the Reference and Rapid Methods 

The standard errors and coefficients of variability for different 
materials are shown in Table VII L 


TABLE VIII 

Standard Errors and Coefficients of Variability of the 
Reference Method and the Rapid Method 


Material 

Method 

' 

Number 

of 

samples 

Mean 

riboflavin 

content 

Standard error 1 
Single 

determination 

Coefticient 

of 

variability 




Mg/g 

Mg/g 

% 

Flour V 

: Rapid 

. 24 

0.50 

0.04 

8.0 

Mm'feed': 

.Reference 

9 

2.20 

0.29 

13,1 


Rapid 

13 

2.36 

0.13 

5.5 ■ 

Wheat 

Reference 

16 

1.12 

0.07 

6.3 


Rapid ' 

16 

1.08 

0.06 

5.6 

: Wheat kernels' 

Reference 

29 

1.54 

0.14 

8.8 

; "glumes and ■ 

Reference 

56 

3.17 

0.23 i 

7.1 

" stems ^ . . ' , ^ 

Reference 

45 

4.98 

0.36 

7.2 


Reference ; 

57. 

6.94 1 

0.44 

6.4 . 


Reference 

9 

8.70 ! 

i 

0.44 

5.0 


^ From results of duplicate detenninations on different days. 

2 Duplicate determinations on different days were made by the reference method on these 24 sam- 
ples of flour using 5 g of sample. The mean riboflavin content was 0.47 figlg, the standard error of a 
single determination 0.07 mIs, znd the coefficient of variability 14.9%. Single determinations by the 
reference method using 1 g samples gave a mean value of 0.56 jitg/g, 

® Samples at different stages of development obtained in connection with another study, 
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For both methods the standard error in absolute terms increased 
with the riboflavin content, but on a percentage basis it decreased with 
increasing riboflavin content. As might be expected in view of its 
greater simplicity, the error for the rapid method was lower than for 
the reference method. Although the percentage error for the rapid 
method may still appear to be large, especially in the case of flours, the 
absolute error was within what may be regarded as acceptable limits 
for a determination of this nature. 

Riboflavin values for several collaborative check samples of enriched 
flour and bread have been determined by the reference and rapid 
methods. The results are given in Table IX together with the mean, 
minimum, and maximum values for the collaborators. The authors’ 
data on an additional series of wheat flours which had been analyzed in 
another laboratory are given in Table X. These comparative values 

TABLE IX 

A Comparison of Riboflavin Values for Check Samples 


Riboflavin content 


A.A.C.C. collaborative 

Collaborative 


Authors’ values 


samples 

values 

Reference method 

! Rapid method 


Mean 

Range 

Mean 

Range 

Mean 

Range 

April 

1943 enriched flour 

1 

mU 


Mg/g 

mii 


2.98 

2.29-4.00 

2.93 

2.78-3.07 

2.83 

2.73-2.99 

October 







1943 enriched flour 

3.15 

2.20-4.39 

2.75 

2.50-2.86 

3.01 

2.96-3.09 

December 







1943 enriched flour 

2.62 

1.48-3.39 

3.12. 

2.86-3.47 

2.94 

2.90-2.98 

February 







1944 enriched bread 

2.60 

L54-3.44 

2.92 

2.85-3,00 

2.69 

2.65-2.84 

Mean 

2,84 


2.93 


2.87 



TABLE X 

A Comparison of Riboflavin Values for Samples Supplied by J. S. Andrews ^ 


. ■ 'Material 

. 1 

Andrews’ values 

i 

Authors’ values 

Micro- 

biological 

FJuoro- 

metric 

Reference 

method 

Rapid 

method 

Patent flour 

0.36 

0.32 

0.28 

0.28 

Enriched patent 

2.60 

2.58 

2.49 

"2.45' 

Enriched bread 

2.66 

2.95 

. 3.34 

3.03 

Whole wheat flour 

1.11 

1.13 

1.14 , 


:Mean 

L68 ; 

■ ■ 1.75 

1.81 

1.7,4 


4 General Mills Inc., Research Dept., Minneapolis, Minnesota. 




532 DETERMINATioN OF RIBOFLAVIN IN WHEAT , Vol. 21 

show that the authors’ results are in good agreement with those ob- 
tained by other laboratories. 

Discussion 

The elimination of adsorption on Florisil, with all the hazards 
attending this stepj is the chief advantage of the rapid method.**^ 

The use of the rapid method not only reduces the duplicate error 
but also results in a. considerable saving of time. A single determina- 
tion by the reference method takes 2J4 to 3 hr and, by the rapid method 
not more than 70 min. A patent flour, enriched or unenriched , can be 
easily assayed in 1 hr, since in this case it is unnecessary to oxidize the 
extract with permanganate. Another advantage of the rapid method is 
the avoidance of the use of pyridine. 

The low fluorescence of extracts of unenriched patent flours consti- 
tutes the chief drawback of the rapid method. A flour containing 0.4 
Mg/g of riboflavin yields an extract with a fluorescence reading of 3 and 
a blank of 1 on our Coleman photofluorometer. 

Even when the reference method is used for assaying unenriched 
patent flours, some special difficulties are encountered owing to their 
low riboflavin content, for, in order to get a satisfactory concentration 
of riboflavin in the eluates, one must run the risks of error associated 
with the use of larger samples or larger aliquots. However, on account 
of their low and comparatively uniform riboflavin content, the analyst 
is perhaps least interested in unenriched patent flours, though the fact 
that they can be satisfactorily assayed by the rapid method, in spite of 
the low fluorescence of their extracts, is made evident by the data which 
have been presented. 

With enriched patents,^ the rapid method readings are much better. 
A sample containing 3.0 fxg/.g gives a reading of approximately 18 with 
a blank of 2. The rapid method also works well with enriched bread, 
whole wheat, wheat germ, and mill feeds, while a few tests have indi- 
cated that it can be adapted for assaying dry and liquid milk. It is 
unsuitable for assays on green plant tissue. 

Summary 

simple method for the assay of riboflavin in 
wheat and wheat products has been described. It eliminates adsorp- 
tion on Florisil and the use of pyridine. A single determination can be 
made in 60 to 70 min. 

® During tlie course of our studies the effect of Florisil and permanganate in the fluorometric analysis 
of enriched flour and bread was under investigation by the 1943-44 Subcommittee on Riboiiavin Assay. 
The report of these studies (Cereal Chem, 21: 398-407, 1944), which appeared since the submission of 
this manuscript, showed that the use of Florisil resulted in poor agreement between laboratories and 
indicated that relatively simple assay methods could, be employed. With enriched flours direct reading 
of flour extracts gave j ust as satisfactory a result as when either Florisil or permanganate was employed. 
In assaying enriched bread, treatment of the extract with Florisil had no effect on the final results but 
the use of permanganate aided in removing interfering impurities. 
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Results of assays of flour, mill feeds, and bread by the rapid method 
agreed closely with those obtained by a modification of the regular 
fluoronietric procedure employed as a standard of reference. 

For both the rapid and reference methods, the absolute error in- 
creased, while the percentage error decreased, with increasing riboflavin 
content. The duplicate error for the rapid method was lower than for 
the regular method. 

The rapid method works well with enriched flour and bread, mill 
feeds, and wheat, and there are indications that it can be applied to 
other materials, though not to green plant tissues. In spite of low 
fluorescence readings it is capable of giving satisfactory results for 
unenriched patent flours. 
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A MODIFICATION OF THE KNEEN AND SANDSTEDT 
METHODS FOR THE DETERMINATION OF ALPHA- 
AND BETA-AMYLASES IN BARLEY MALT' 

W. J. Olson, Ruth Evans, and Allan D. Dickson 

University of Wisconsin, Madison, Wisconsin, and U. S. Department of Agriculture 
(Presented at the Annual Meeting, May 1943; received for publication May 19, 1943) 

Methods for the determination of alpha- and beta-amylase in malt 
have been developed by Saiidstedt, Kneen, and Blish ( 1939) and Kneen 
and Sandstedt (1941). The methods were designed as a measure of 
aipha-dextrinizing, malt (alpha- + beta-) sacGharifying activities, and, 
by difference, the beta-saccharifying activity of malt. There seemed 
no objection to adapting the determination of aipha-dextrinizing activ- 

i Cooperative investigations between the University of Wisconsin and the Division of Cereal Crops 
and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Administration, U. S* Departmental Agriculture. ■ 
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ity to 20'^C and substituting the regular diastatic procedure for 'the 
malt-saccharifying activity determination proposed by these workers 
(1941). This change 'would make the method more conveniently ap- 
plicable in malt laboratories using the diastatic power procedure. 
This modification has involved the establishment of the relation be- 
tween saccharification and dextrinization of alpha-amylase under the 
modified experimental conditions. Another method of preparation of 
enzymatically pure beta-amylase has been tested and found to be 
satisfactory in the preparation of the standard alpha-amylodextrin 
substrate.^ A new unit is proposed for alpha-amylase based upon the 
diastatic power unit in maltose equivalent.^ 

Preparation of Amylase Components 

It was essential that enzymatically pure preparations of both alpha- 
and beta-amylase be made. The alpha-amylase preparations were 
used in the establishment of the relation existing between alpha- 
saccharifying and alpha-dextrinizing activities, and the beta-amylase in 
the preparation of the alpha-amylodextrin substrates. 

Malt Alpha- Amylase, The method of Ohlsson as modified by 
Kneen, Sandstedt, and Hollenbeck (1943) was used in the preparation 
of malt alpha-amylase. 

Barley Betc^ Amylase, Two methods have been used for the prepa- 
ration of barley beta-amylase. The first is that described by Kneen, 
Sandstedt, and Hollenbeck (1943). The second is a modification of 
the fractional alcohol precipitation technique used by Meyer, Bernfeld, 
and Press (1940) for wheat. Briefly, the latter method involves: (i) 
concentration of a 1 : 5 aqueous barley extract to one third its volume 
under reduced pressure, (2) making the concentrated extract up to an 
ethanol concentration of 65% in the cold, separating and discarding 
the material settling out, and (3) raising the ethanol concentration of 
the clear supernatant to 80% ethanol in the cold, and isolation of the 
separated material. 

Beta-amylase preparations made by the technique of Kneen, Sand- 
stedt, and Hollenbeck (1943) were less soluble in water than those pre- 
pared by the fractional alcohol precipitation technique but were equally 
satisfactory when the test described later in this paper was applied to 
them. While considerable individual variation was apparent, the 
saccharifying activities of preparations made by both techniques were 
of the same order. 

^Alpha-amylodextrin is the limit dextrin produced by the action of beta-amylase on soluble starcli. 

3 “Maltose equivalent ” is the unit of diastatic power preferred to the older '‘degrees Lintner ” by 
the American Society of Brewing Chemists. Maltose equivalent is defined as “the grams reducing 
substances expressed as the grams maltose produced from 100 g malt acting on soluble starch under 
the specified experimental conditions.” “ Degrees Lintner ” is obtained by dividing the maltose equiva- 
lent by 4. , 
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Test for Purity of Beta-Amylase 

A test for the absence of alpha-amylase in the beta-amylase is 
necessary when the beta-amylase is to be used in the preparation of the 
standard amylodextrin substrate. The proposed test is simple in prin- 
ciple, and has been found to be sensitive to small contamination by 
alpha-amylase. The test also serves to fix the minimal quantity of 
beta-amylase essential for complete conversion of the starch to amylo- 
dextrin in 24 hr. 

To 50 ml portions of 4% soluble starch (special for diastatic power) 
in 100 ml volumetric flasks are added increasing- amounts of the beta- 
amylase preparation dissolved in 5 ml buffer mixture (Sandstedt, 
Kneen, and Blish; 1939) with or without additional water. Obviously, 
the range of additions of beta-amylase to the starch is determined by 
the activity of the preparation tested. A six-fold range in concentra- 
tion has been found satisfactory. The volumetric flasks are made to 
the mark with water, toluene added, the contents mixed well, and 
allowed to stand 24 hr at room temperature. 

After 24 hr, dextrinization measurements are made upon the various 
substrates by the method o(_Sandstedt, Kneen, and Blish as modified 
in this paper, using a standard source of malt alpha-amylase as dex- 
trinizing agent. A constant dextrinizing time over a range of beta- 
amylase concentration is indicative of freedom from alpha-amylase 
contamination. The use of amylase preparations of bacterial, fungal, 
or animal origin instead of malt alpha-amylase is not recommended, 
as the application of the method to these enzymes has not been es- 
tablished. , In the preparation of the standard amylodextrin substrate, 
the lowest concentration at which a constant dextrinizing time is 
attained in the test above, plus 25% excess, has been used. 

Relation between Saccharifying and Dextrinizing 
Activities of Alpha-Amylase 

In order to correct for the saccharification by alpha-amylase in the 
diastatic power determination, it is essential that the relation between 
the dextrinizing and saccharifying activities of alpha-amylase be es- 
tablished. By use of this relationship, the saccharification by beta- 
amylase can be calculated accurately and expressed as the difference 
between the malt and alpha-amylase saccharification. 

The saccharification by various quantities of alpha-amylase was 
carried out in duplicate by use of the diastatic power procedure (Cereal 
Laboratory Methods ; 4th ed., 1941). “Dextrinization measurements of 
the same quantities of alpha-amylase used in the saccharification 
measurements were made by the method of Sandstedt, Kneen, and 
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Blisli (1939) as modified herein. These dextrinization values' were 
obtained in duplicate on each of two substrates. , The substrates were 
made with two different beta-amylase concentrates, prepared by each 
of the two methods mentioned above. Agreement between the four 
dextrinization determinations was very good, if dextrinization times 
below 10 min were avoided. 



Fig. 1. The relation between alpha-amylase dextrinizing and saccharifying activities. 

The saccharification values were calculated by multiplying the ml 
potassium ferricyanide reduced by 144, the factor used in calculating 
the diastatic power (maltose equivalent), when 1 ml (0.05 g malt 
equivalent) diastatic extract is used in the diastasis. The relation 
between the average saccharification values expressed in maltose 
equivalent and the dextrinizing activity expressed as reciprocal minutes 
is shown in Figure L A series of values was read from the graph, and 
is given in Table J. 
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TABLE I 


Saccharification Equivalents “K” (maltose equivalent) of Different 
Quantities of Alpha- Amylase, Expressed in Reciprocal Minutes 


Dextrinization 

l/min 

Saccharification 
equivalent “K" 

Dextrinization 

l/min 

Saccharification 
equivalent '* K” 

0.020 

21 

0.065 

103 

0.025 

30 

0.070 

111 

0.030 

39 

0.075 

121 

0,035 

48 

0.080 

130 

0.040 

57 

0.085 

139 

0.045 

66 

0.090 

148 

0.050 

75 

0.095 

157 

0.055 

84 

0.100 

165 

0.060 

93 




The Proposed Methods for Alpha- and Beta-Amylase in Malt 

The reagents and procedure are the same as given by Sandstedt, 
Kneen, and Blish (1939) for the determination of alpha-amylase except 
that (1) 20'^C instead of 30®C was used for the reaction, and (2) ex- 
traction of the malt was carried out according to the Cereal Laboratory 
Methods (4th ed., 1941) diastatic power procedure. For the deter- 
mination of malt-saccharifying activity, the diastatic power procedure 
(Cereal Laboratory Methods; 4th ed., 1941) is followed exactly as 
published. 

Minor changes in the method of color comparison are being used 
suGcessfulIy in the Barley and Malt Laboratory at Madison. An inor- 
ganic color standard suggested by Landis ^ was modified slightly and 
substituted for the dextrin standard described by Sandstedt, Kneen, 
and Blish. This standard is prepared as follows : 25 g Coda ^ 6H2O and 
3.84 g KaCrsOT per 100 ml OMN HCI. 

Color comparisons were made visually through 6.0-6. 2 cm (6 ml) 
of the iodine-digest complex in 4-inch test tubes set over a 15 watt day- 
light fluorescent bulb against 6.0 ml of the color standard described 
above. In using this procedure it is essential that a set of test tubes 
be obtained varying by not more than 2 mm in the depth of 6 ml of the 
liquid. 

Calculations 

It has been shown by Kneen and Sandstedt (1941) and by the 
writers (unpublished) that the effects of alpha- and beta-amylase are 
additive in saccharification, even at relatively high ratios of beta- to 
alpha-amylase. This being the case, it is possible to determine ac- 
curately the alpha-amylase by suitable dextrin ization measurements 
and apply a correction for its action on soluble starch in the malt 
saccharification (diastatic power) determination. That is, the dif- 

U^resented in a paper given by Quick Landis at tbe 194^ Annual Meeting of the A,A,C.C. 
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ference between the diastatic power and the alpha-amylase sacchari- 
fying activity obtained by use of Tabled is equal to the beta-amylase 
saccharifying activity. 

Malt Saccharifying Activity {diastatic power ) : The malt saccharifying 
activity (diastatic power) is expressed in terms of maltose equivalent as 
follows: 

r . . . ^ . , , . (blank-titration) X 144 X 100 

D.P. [maltose equivalent (dry basis)] = (100 =-% moisture) . 

when 1 ml (0.05 g malt equiv.) extract is used in saccharification and 
5 ml digest is used in the reducing power determination. 

Alpha-amylase Saccharifying Activity: The saccharification due to 
alpha-am^dase in the diastatic extract is given by 

^ ^ K X IQQ - 

(100 — % moisture) X ml diastatic extract used in dextrinization 


where 


A = alpha-amylase saccharifying activity (maltose equivalent, dry 
basis) 

and 

K = the saccharification equivalent (maltose equivalent) of alpha- 
amylase dextrinization (reciprocal minutes). The values for, 
are obtained from Table I. 

Beta- Amylase Actimty: The difference between the malt-sacchari- 
fying activity, and the alpha-amylase saccharifying activity is equal to 
the beta-amylase activity. 


i.e., B = D.P. - A 

where '■ 

B = the beta-amylase activity [maltose equivalent (dry basis)]. 
A sample calculation using the above methods follows: 


0.05iY potassium ferricyaiiide reduced by 5 ml 
digest when 1 ml (0,05 g malt equivalent) dia- 
static extract is used in diastasis 
Moisture in malt sample 


Diastatic power == 


5.00 X 144 X 100 
95.0 


ml diastatic extract used in dextrinization 
Dextrinizing time (min to end point) 
l/dextrinizing time = (1/20) 


= . , 5.00 ml 
- , 5.0%' ' 

= 758 maltose 

equivalents 
= ' 2 ml . 

= 20 min ' 

- ,o.oso;''> 
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“K” value equivalent to 0.050 recip. min (Table I) = 7-5 

75 X lOO 

Alpha-amylase saccharification = = 40 maltose 

equivalents 

Beta-amylase activity = 758 —'40 - 71 8 maltose 

equivalents 

This hypothetical malt would have an alpha-amyfias»e activity of 
40 maltose equivalents, beta-amylase activity .of 718 maltose equiva- 
lents, and diastatic power of the sum of the two, or 758 maltose 
equivalents. 


Summary 

The original method of Sandstedt, Kneen, and Blish for alpha- 
amylase has been modified to make it more applicable to routine 
determinations in barley malt laboratories. 

The dextrinization is measured at 20^ instead of 30^ C and the 
A. A.G.C* (Cereal Laboratory Methods) diastatic po'wer procedure is 
substituted for the malt saccharifying activity deterin ina.ton of Kneen 
and Sandstedt. 

The relation between alpha-amylase saccharifying and alpha- 
amylase dextrinizing activity has been established under these modified 
experimental conditions. By the use of the valu es so obtained, suitable 
corrections for alpha-amylase saccharifying activity can be made, and a 
valid measure of beta-amylase activity secured- 

Two methods of preparation of enzymatically pure beta-amylase 
•have been tested, and a simple method for ascertaining the presence of 
alpha-amylase described. 
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A STUDY OF SOME OF THE VITAMIN B-COMPLEX FACTORS 
IN RICE AND ITS MILLED PRODUCTS, II 
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Station, Louisiana State University, Baton Rouge, Louisiana 

(Received for publication March IS, 1944) 


The ribofiavin and biotin content of different varieties and milled 
fractions of rice have been investigated and the findings reported herein 
are complementary to the study of thiamine, nicotinic acid, panto- 
thenic acid, and pyridoxine presented in an earlier account of these 
experiments (Williams, Knox, and Fieger, 1943). 

Although the ribofiavin content of a similar group of rice samples 
was investigated by Kik (1943), few figures on the biotin content of 
rice products have appeared. Cheldelin and Williams (1942) , in their 
report on the B vitamin content of various foods, supplied data for only 
one rice product, a commercially processed and packaged breakfast 
cereal. Lampen, Bahler, and Peterson (1942) reported the biotin con- 
tent of one sample of rice polish and one sample of a rice bran con- 
centrate. Cheldelin, Woods, and Williams (1943) include findings for 
one sample of polished rice in their investigation of B vitamin losses 
upon cooking various foods. 

Materials and Methods 

The samples used for these experiments were the same ones an- 
alyzed in the first part of the study, already mentioned* They were 
divided into two main groups: (1) samples of brown rice of six typical 
Louisiana varieties (Blue Rose, Fortuna, Early Prolific, Nira, Rexoro, 
and American Pearl) collected to study differences among varieties; 
and (2) samples of milled fractions of three typical varieties (Blue Rose, 
Early Prolific, and Fortuna) collected to investigate differences in 
vitamin content of the various milled fractions. 

As pointed out in the earlier publication, these milled fractions con- 
sist of the products obtained in the different steps of the milling process. 
As more and more of the outer coats of the rice grain are removed and 
the rice progresses from the original rough rice to the finished product, 
.seven fractions are obtained: (1) brown rice, (2) first-break rice, (3) 
second-break rice, (4) brushed rice, and (5) finished rice. The outer 
coats of the grain appear at the end of the process as (6) rice polish and 
(7) rice bran. 

The samples were analyzed by the following procedures : 

sm 
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1. Riboflavin — the Conner and Straub (1941) fluorometric method. 

2 . Biotin—the Shull, Elutchings, and Peterson ( 1942 ) microbiological 
assay procedure for biotin, as modified by Shull and Peterson ( 1943 ). 
The samples were hydrolyzed in normal sulfuric acid at IS lb of 
pressure for 30 min. 


Discussion of Results 

Riboflavin. Remarkably close agreement was found between the 
figures given in Table I and those reported by Kik (1943). In many 

TABLE I 

Comparison of the Riboflavin and Biotin Content of the Milled 
Fractions of Several Varieties of Rice 


Variety 

Number 

of 

samples 

brown 

rice 

Number 

of 

samples 

each 

other 

fraction 

Milled fractions ’ 

Brown 

rice 

1st 

break 

rice 

2nd 

break 

rice 

Brushed 

rice 

Fin- 

ished 

rice 

Bran 

Polish 

figfS 

Jj-gfg 

/ig!g ' 

P-gfg 

AS/i? 

P^gfg 

P-gk 


riboflavin 


Blue Rose 

5 

3 

0.76 

0.48 

0.49 

0.40 : 

0.29 

2.12 

L65 

Fortuna 

7 

3 

0.52 

0,45 

0.29 

0.25 

0.23 

1.83 

1.92 

Early Prolific 

5 

3 

0.56 

0.34 

0.20 j 

0.18 

0.20 

2.48 

1.77 

Average 



0.61 

0.42 

0.33 I 

0.28 : 

0.24 

,2.14' , 

1.78 


biotin 


Blue Rose 

5 

3 

0.114 

0.061 

0.059 

0.053 

0.050 

0.541 

0.543 

Fortuna 

7 

3 

0.123 

0.056 

0.050 

0.051 

0.034 

0.485 

0.833 

Early Prolific 

5 

3 

0.126 

0.082 

0.059 

0.048 

0.043 

0.377 

0.591 

Average , 



0.121 

0.066 

0.056 

0.051 

i 

0.042 

0.468 

0.656 


Measurements are for dry weight. 


cases, values for the same milled fraction were within 5 to 10% of each 
other. In both cases, the fluorometric method of analysis was used. 

The decrease in vitamin content with the increase in milling was 
illustrated by the riboflavin values, just as it has been by the data 
published in 1943. The sharpest drop in riboflavin content occurred 
between the brown rice and first break. 

When compared with other foods, brown rice, polish, and bran do 
not rank very high in riboflavin content. White and yellow corn con- 
tain more riboflavin per unit weight than does brown rice, while wheat 
germ and wheat bran considerably exceed rice polish and rice bran in 
riboflavin content (Conner and Straub, 1941), 
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Biotin, Some difficiilty ' was experienced with the biotin < assay. 
The 'first hindrance was encountered in the preparation of thd/yeast 
filtrate, although the Shull and Peterson (1943) modified' procedure 
was. followed. It was found that warming* the various solutions con- 
taining norit by means of a controlled bath alone did not produce a 
heat penetration sufficiently rapid for successful adsorption or elution, 
as the case might be. Heating to 55"-60°C by means of a hot plate 
prior to placing the solution in a water bath, however, provided suffi- 
cient heat penetration and produced a highly satisfactory yeast filtrate. 

A second difficulty was encountered as a result of anomalous values 
obtained in the assays of rice polish, rice bran, and brown rice. Similar 
drifts have been observed in the assays of cereal products as reported 
by Strong and Carpenter (1942) and Neal and Strong (1943). The 
effect produced 1*0081 markedly b^* rice polish is probably one of stimu- 
lation as well as one of inhibition. The drift effect was obviated by 
reading samples at dilutions giving agreement within 10% for assays 
dosed at increasing levels of concentration. An assay of defatted rice 
polish indicated that the interfering substance was not in the fat 
fraction. Further work is being continued on this phase of the 
problem. 

Although the biotin values reported in the present study were some- 
what higher than any for rice samples published by Lampen, Bahler, 
and Peterson (1942), Cheldelin and Williams (1942), or Gheldelin, 
Woods, and Williams (1943), it should be pointed out that these 
workers reported values for only one sample in each case. Average 
values on the air-dry basis obtained in the present work, furthermore, 
agreed within 5% for brown rice and within 2% for rice polish with 
values obtained by workers at the Department of Biochemistry, Uni- 
versity of Wisconsin, for brown rice and rice polish samples furnished 
by this laboratory. All samples here reported were checked against a 
control supplied by that laboratory. 


TABLE n 

Comparison of the Riboflavin and Biotin Content of' Several 
Varieties of Brown Rice 



Number 

Vitamin content 

' '' Variety ■ 

samples 

Riboflavin 

Biotin., 

Blue Rose 

■ 5 ' . ■■ 

hjs/s irs let 

0.76 

figkdrywt 

■ '■ ,,.0.114' ■ 

Early Prolific 

'■■5 ' 

0.56 

',""'.,.'.,0.126 " 


.' '.'T 

0.53 

,0.124'" 

Rexoro 

5 

0.54 

',9.135' 

y : '.American, Pearl' ' 


0.49 

0.117 

Fortuna, ■ 


■'■■■ "0.52''',, 

0.123 

Composite average 


0.57' 

0.121 
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The biotin values in Table I corroborated the trends exhibited by 
the other vitamin values, the vitamin content decreasing with increas- 
ing milling. Rice polish and bran were high in biotin content when 
compared with other foods (Lampen, Bahler, and Peterson, 1942). 

The results reported in Table 1 1 do not show appreciable differences 
among the different varieties. The trend for the long-grained varieties, 
such as Fortuna and Nira, to lead in vitamin content was not demon- 
strated so clearly as in the earlier half of the present study. 


Summary 

Samples of different milled fractions of several varieties of rice were 
analyzed for riboflavin and biotin. Values obtained for riboflavin 
agreed closely with those of other workers; biotin values were some- 
what higher than the few figures for isolated samples reported by 
other workers, but appeared to be in agreement with assays obtained 
at another laboratory. 

All samples of milled fractions showed that the biotin and riboflavin 
content of the rice samples decreased with increased milling, as has 
been demonstrated for thiamine, nicotinic acid, pantothenic acid, and 
pyridoxine in the first part of the present study. In general, 66 to 75% 
of all six of the vitamins studied is removed in the milling process, and 
polished rice contains only about 12% of the vitamin content of rice 
polish. 

No appreciable differences in riboflavin and biotin content were 
found among the several varieties. 
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SIMPLIFICATION OF THE THIOCHROME METHOD 
FOR THIAMINE DETERMINATION 

George W. Schiller 

General Mills, Inc., Products Control Department, Kansas City, Missouri/ 
(Received for publication July 8, 1944) 

With the widespread enrichment of flour there has come a need for 
a rapid yet reliable technique for the determination of thiamine in mill 
products and in bread. The thiochrome procedure given in Cereal 
Laboratory Methods (4th ed., 1941) appears to have been satisfactory 
in most respects but it is too time-consuming to be entirely useful as a 
routine control method. Several suggestions have previously been 
made as to means of simplifying the original thiochrome technique. 
Andrews and Nordgren (1941) found that the method could be much 
shortened by omitting the purification step of adsorption on zeolite. 
In their simplified method the sample is merely shaken with a 25% 
solution of potassium chloride, in dilute acetic acid, filtered, and an 
aliquot then oxidized in the usual manner. This technique, while 
apparently satisfactory for patent and first clear flours, has not been 
recommended for use with other products. Their studies would indi- 
cate, however, that various cereal products may be analyzed without 
the use of zeolite adsorption. Hoffer, Alcock, and Geddes (1943) 
studied a modification of the simplified procedure of Andrews and 
Nordgren and found that it was necessary to apply correction factors 
depending upon the product being analyzed. 

The present paper describes a reasonably rapid method which can 
be applied to a wide variety of cereal products. As with other short 
methods, the zeolite adsorption has been eliminated in our modification. 
A single sample can be analyzed in 1 hr and one operator can analyze 
nine samples in 2i hr with ease. The procedure is exactly the same for 
all mil! products, and iio correction factors need be used. In the case 
of bread analyses, the time required is somewhat longer; in our experi- 

1 Author’s present address is Arnold Milling Company, Sterling, Kansas. 
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dice a digestion period of 2 hr is required to complete the breakdown of 
cocarboxylase, which extends the. time required for analyses by 90 min. 

Proposed Simplified Thiochrome Method 

Apparatus 

( 1 ) Fluorophotometer 

(2) Centrifuge and 50-ml centrifuge tubes 

(3) Erlenmeyer flasks, 250 ml 

(4) Boiling water bath 

(5) Coid-flnger condensers 

(6) Incubator, set at 50° C 

(7) Test tubes, 50-ml 

(8) Glass-stoppered shaking bottles, 25-ml 

Reagents 

(1) Acetic acid solution, 2% 

(2) Sodium hydroxide, IN 

(3) Takadiastase solution, 6%, made up fresh daily 

(4) Potassium ferricyanide solution, 1%. If kept in a dark bottle away from 
light this solution will last a week or more. 

(5) Quinine sulfate solution. Dissolve sufficient quinine sulfate in 0.1 iV sulfuric 
acid to give a solution containing 1 jxg quinine sulfate per ml 

(6) Sodium hydroxide, 15% 

(7) Isobutanol. This reagent should not give a blank reading above 4 units. 
Used isobutanol can be reclaimed by treatment with activated carbon (Pader, 
1943) 

(8) Standard thiamine solution. Make up in 2% acetic acid, a stock solution 
containing 10 jug thiamine per 25 ml. Store in a cold place away from light 

(9) Potassium chloride, crystals, C.P. 

(10) Sodium sulfate, anhydrous, technical grade 

Procedure 

Preparation of Extract, The weight of sample taken for extraction 
should be varied according to the expected thiamine content. The 
quantities shown below are recommended. 

Expected 

thiamine content Sample weight 


mgllh g 

0 -1.0 4.0 

1. 1-2.5 2.0 

2.6-5 .0 1.0 

Over 5.0 0.5 


Place the selected quantity of the material to be tested in a 2S0‘ml 
Erlenmeyer flask, add 40 ml of 2% acetic acid, shake, insert cold-finger 
condenser, and place in boiling water bath for 15 min. Remove flask 
and place in cold water until the temperature of the solution drops to 
approximately 50°C. Add 5 ml of liV NaOH, shaking solution during 
addition. Add 5 ml of 6% takadiastase solution, stopper flasks, and 
place them in an incubator at 50°G. After 30 min filter through 
Whatman paper. Pipette a S-ml aliquot of the 

solution into a shaking bottle. The extract is now ready for oxidation. 
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Subject to the same treatment a control solution containing' 1 /xg of 
thiamine per 5 ml of solution. To 25 ml of the thiamine stock solution, 
add 15 mi of 2% acetic acid, 5 mi of NaOH, and then 5 ml of takadias- 
tase solution. Place in incubator for v30 min, filter, and pipette a 5-niI 
aliquot into a shaking bottle. 

Oxidation. It is usually convenient to oxidize two samples at a 
time. To each sample add approximately 0.5 g of KCl crystals and 
shake vigorously for a few seconds. Add 0.1 ml (2 drops) of 1% 
K 3 Fe(GN )6 solution and shake again. Add 3 ml of 15% NaOH solu- 
tion and shake a third time. Add 15 ml of isobutanol, stopper, and 
shake vigorously for 1 min. Pour into a 50-nil centrifuge tube and 
centrifuge until any emulsion is broken. Separate the two layers and 
pour the alcohol phase into a test tube. Add enough anhydrous 
sodium sulfate to remove any remaining water and shake until a clear 
solution is obtained. Pour into a clean dry cuvette and measure 
fluorescence in the fluorophotometer which has previously been set with 
the quinine sulfate standard. The reading obtained is proportional 
to the amount of thiamine present in the sample plus any nonthiamine 
fluorescent impurities. 

Blank Determination. Carry out a blank determination for each 
different type of product analyzed and for the control solution. To 5 
ml of sample extract or of control solution add, in this order, KCI 
crystals, isobutanol; and NaOH. Stopper the bottle and shake for 1 
min. Separate alcohol phase, dry, and measure the fluorescence as 
described above. 

Calculation. Determine the amount of thiamine present from the 
following relation : 

Thiamine content, mg/lb = ^ X 4“ X 4 X 0.454, where 

XVy tvyBl v) 

== Reading for unknown ' 

Ry = Reading for Standard Thiamine Control Solution 
Rxbi “ Reading for blank carried out with unknown 
RyBi — Reading for blank carried out with thiamine control solution and 

Z — grams sample taken 

Accuracy of Simplified Method 

In Tables 1 and II are given a summary of the results of the col- 
laborative analysis of 127 samples >of a variety of cereal products by 
five laboratories. The samples are grouped according to their approxi- 
mate thiamine content because, as shown by Hildebrand and Geddes 
(1943), the experimental error of the thiochrome method increases with 
increasing thiamine level. Four of the five laboratories employed ^ 
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TABLE I 

Mean Thiamine Results Obtained by Regular and 
Modified Thiochrome Procedures 


Sample 

Thiamine 

range 

Regular method 

Simpli- 

fied 

method 

E 

Type 

Num- 
ber an- 
; alyzed 

A 

B 

C 

D 

Avg. 



mgflh 

mgflb 

mg/lb 

mgllb 

mg/lb 

mg/lb 

mg/lb 

Short patent 

1 20 

0.15- 0.35 

0.28 

0.28 

0.28 

0.27 

0.28 

0.28 

Long pat.; st. grade 

1 21 

0.50- 0.80 

0.57 

0.57 

0.58 

0.58 

0.58 

0.60 

Durum; white rye « 

6 

0.75- 1.50 

1,06 

1.03 

1.09 1 

1.01 

1.05 

1.04 

First clear 

17 

1.30- 1.60 

1.45 

1.43 

1.48 1 

1.50 

1.46 

1.49 

Enriched pat. 

20 

1.45- 2.25 

1.78 

1.72 

1.75 : 

1.82 

1.77 

1.84 

Whole wheat 

23 

1.85- 2.35 

2.15 

2.15 

2.13 

2.06 

2.12 

2.15 

Noodles; dk. rye; oat'flr. 

10 

2.50- 5.50 

3.39 

3.41 

3.40 ! 

3.38 

3.40 

3.37 

Second cl.; red dog; germ 

10 

7.00-10.50 

8.64 

8.47 

8.14 

8.24 

8.37 

8.37 

All samples 

127 

0.15-10.50 

2.05 

1.97 

1.96 

1.96 

1.98 

1.99 


TABLE II 

Errors of Regular and Modified Thiochrome Procedures^ 


Sample 

Regular method 

Sim pH- 








fled 


Num- 






method 

Type 

ber an- 

A 

B 

C 

D 

Avg. 

E 


alyzed 









mg/lb 

mg/lb 

mg/lb 

mg/lb 

mg/lb 

mg/lb 

Short patent 

20 

0.042 

0.043 

0.031 

0.020 

0.034 

0.021 

Long pat.; at. grade 

21 

0-069 

0.067 

0.033 

0.022 

0,048 

0.036 

Durum; white rye 

6 

0.041 

0.049 

0.072 

0.044 

0.052 

0.040 

First clear 

17 

0.294 

0.236 

0.295 

0.157 : 

0.246 

0.180 

Enriched pat. 

20 

0.173 

0.357 

0.257 

0.213 

0.250 

0.269 

Whole wheat 

23 

0.376 

0.354 

0.308 i 

0.315 

0.338 

0.274 

Noodles; dk. rye; oat flour 

10 

0.984 

0.486 

0.964 

0.737 

0-793 

0.856 

Second cl.; red dog; germ 

10 

0.417 

0.496 

0.502 

0.405 

0.455 

0.459 

.All groups 

127 

0.265 

0.249 

0.265 

0.210 

0.248 

0.231 


J Errors were calculated from the relation 


E — — mi)^ 4- {.^2 W2)2 4- • 

iV - 1 

where 

xti, etc. = individual laboratory values for samples 1, 2, etc. 
wi, ms, etc. mean values, all laboratories, for samples 1. L etc. 

and 

N =s number of samples. 


thiochrome method essentially as described in Cereal Laboratory 
Methods (4th ed., 1941), while the values listed under “Simplified 
Method’’ are characteristic of the procedure described in this paper. 
It is evident that the accuracy of the modified method is entirely 
satisfactory. 

Summary 

A simplification of the thiochrome "method for thiamine analysis is 
described. The short method effects a significant saving in time and 
effort, can be applied to all types of flour mill products and to many 
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other types of cereal products, and requires no correction factors. No 
changes need be made in the method except for the" analysis of baked 
goods. 

The accuracy of the simplified method, as shown by the collabora- 
tive analysis of 127 samples of various cereal products, compares 
favorably with that of the regular thiochrome method, 

The simplified method is admirably suited to routine control 
determinations. 
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THE COMPOSITION OF THE ‘‘AMYLODEXTRIN’^ 
FRACTION OF WHEAT FLOUR 

o 

M. M. MacM ASTERS and G. E. Hilbert 

Starch and Dextrose Division, Northern Regional Research Laboratory,^ 
Peoria, Illinois 

(Presented at the Annual Meeting, May 1944; received for publication June 9, 1944) 

The so-called ' ‘ amylodextrin ” or small-granule” fraction of wheat 
flour is of importance both in enhancing the baking properties of flour 
and in the commercial production of wheat starch. Sandstedt, Jolitz, 
and Blish (1939) have reported that this fraction contributes to the 
handling characteristics of dough and is essential for the production of 
bread with a tender crumb. In the production of wheat starch, the 
‘^ amylodextrin” or ” tailings” fraction has significance because it is an 
almost profitless by-product. In commercial operations, after removal 
of the starchy material from the gluten mass by washing with water, the 
starch is separated by tabling. The flocculent material of low density, 
that is ” amylodextrin ” fraction or tailings starch, which flows over the 
end of the table is recovered and converted into a low-grade and low- 
priced adhesive. Since this fraction may represent as much as 20% 
of the starch, information concerning its composition would be of use 
in the development of a more profi^^^^ 

J This is one of the laboratories of the Bureau of Agricultural anfl Industrial Chemistry, Agi'icuP 
tural Research Administration, Department of. Agriculture. 
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Considerable confusion has arisen in the literature owing to the 
conflicting statements concerning the actual composition of the ^^amylo- 
dextrin” fraction of wheat flour. Sandstedt, Jolitz, and Blish (1939) 
considered it to be composed of dextrins produced by amylase activity. 
The presence of large numbers of small starch granules was reported by 
Goldbeck (1916) and by others. Pentosans represent 14% by weight 
of the small-granule fraction according to Baker, Parker, and Mize 
(1943), who regarded them as being adsorbed upon the relatively large 
surface area of the small granules. It was believed by these authors 
that the coating of pentosan on the starch granules might account for 
many of the properties of the fraction. 

In the present investigation, microscopic and analytical methods 
have been used to determine the composition of the “amylodextrin” 
fraction. 

Experimental 

Preparation of Fractions. Two 1941 crop year wheats were used for 
this study (which was carried out chiefly in 1942) : (1) Turkey hard red 
winter, grown at Manhattan, Kansas, graded No. 1 dark hard, and (2) 
Trumbull soft red winter, grown at Wooster, Ohio, graded No. 1 red 
winter. Each contained only a trace of dockage which was removed 
before the wheat was weighed for use. 

Starch and “amylodextrin” fractions were separated from three 
samples of each wheat: (1) whole wheat kernels, steeped 24 hr in dis- 
tilled water at approximately 5®C, and subsequently ground twice 
through a Russwin No. 2 handmill, using the nut-butter cutter, (2) 
straight flour obtained by milling the wheat on a laboratory-model 
Buhler mill, and (3) flour obtained by remilling the original flour twice 
through the Buhler mill. 

Each sample was extracted as follows: 400 g of ground sample 
(original air-dried weight) was worked into a stiff dough with distilled 
water and allowed to stand for 1 hr at room temperature to facilitate 
formation of a ” gluten ball.” Starch was extracted from the hydrated 
mass by working it in successive portions of distilled water. Fine fiber 
was removed by passing the combined extraction liquors, totaling 6 to 
8 1 in volume, through No. 13 standard bolting silk. The starch and 
” amylodextrin ” fractions were centrifuged from the liquid and washed 
once with distilled water after which the upper, ffamylodextrin” layer 
was carefully removed from the starch with a spatula. The starch was 
resuspended in distilled water and recentrifuged, the residual traces of 
the “ amylodextrin ” fraction being rernoved as before. The remaining 
starch was washed twice with distilled water and air-dried at room 
temperature. Since the amylodextrin” layer became horny when 
dried from water, it was, except during drying studies and for analysis, 



550 THE “AMYLODEXTRIN” FRACTION OF WHEAT FLOUR' Vol.ai 

air-dried at room temperature after removal of water by three or more 
acetone washes. 

Analytical Methods, The composition of the starch and “aniylo-' 
dextrin” fractions was determined by standard analytical procedures. 
The moisture in the ” amylodextrin ” and starch fractions was deter- 
mined by drying to constant weight at 100®C over P2O5 in an Abder- 
halden drier ; in wheat, by drying the ground grain for IJ^ hr in a 
Brabender Moisture Tester at 130°C. Determinations were made for 
nitrogen by the Kjeldahi-Gunning- Arnold method (A.O.A.C., 1940, p. 
26), starch by a diastase method (A.O.A.C., 1940, p. 359), and fatty 
acids or fats by acid hydrolysis and extraction from the hydrolysate. 
Pentosans were determined as furfural by a modified method developed 
by the Analytical and Physical Chemical Division of the Northern 
Regional Research Laboratory. The distillate obtained by the official 
A.O.A.C. (1940) procedure was redistilled and the furfural was pre- 
cipitated by thiobarbituric acid. In this way erroneously high results 
due to measurement of the hydroxymeth\dfurfural formed from hexose 
material were avoided. 

Examination of Starch and Amylodextrin^' Fractions. Starch and 
“ amylodextrin ” fractions prepared from whole wheat by wet milling, 
and from once- and thrice-milled flour were examined microscopically, 
analytically, and from the standpoint of yields. 

More starch was recovered from wheat flour than from whole wheat 
because of the larger percentage of starch present in the former. The 
yield of starch fraction decreased upon remilHiig the flour from soft 
wheat, but was not significantly affected by the remilling of hard wheat 
flour (Table I). Photomicrographs of starch fractions from Turkey 
wheat are shown in Figure 1; the fractions from Trumbull wheat had a 
similar microscopic appearance. Starch fractions obtained from the 
various raw materials showed no unusual characteristics or differences. 
In each case, the nitrogen content of the starch was normal, and pen- 
tosans were absent. More small granules were freed by milling through 
the Buhler mill than by use of the handmill (Figs. lA and IB). No 
appreciable granule damage was observed (Figs. lA, IB, and l(^); 
birefringence was clear (Fig. ID). 

“ Amylodextrin” fractions, on the other hand, varied considerably 
with the milling method, the yield increasing significantly with in- 
creasing severity of grinding. (See Table I.) Photomicrographs of 
these fractions are shown in Figure 2. These fractions were found to 
be composed primarily of very small starch granules, their average size 
being comparable to that of the smallest granules in the starch fraction 
(Figs. 2A, 2B, and 2C), In addition, large granules were present in 
varying amounts.:: ■ From their--partiahor' complete'loss/of Lirefringenc 
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(Fig. 2D) and their read}^ absorption of stains, such as benzopurpurin 
or congocorinth, it was apparent that practicaliy all the larger ^granules 
had suffered damage and, in consequence, were partly, often com- 
pletely, gelatinized in the liquid in which they were mounted for 
observation. The number of damaged gran ules increased with severity 


Fig. 1 . Starch from Turkey wheat. (Magnification 285 X) 

A. Extracted after wet milling. 

B. Extracted from flour. 

C- Extracted from twice remilled flour. 

D. Same field as B, between crossed nicols. 


of grinding, being least when the handmill was used and most in the 
twice-remilled material (Figs. 2A and 2C), All the ^‘amylodextrin'’ 
fraetiohs included small gluten masses and relatively large fragments, 
from the microscopic standpoint, of cell debris. 

The analytical data confirm A microscopic evidence that the 
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“amylodextrin” fraction was composed largely of starch, which, in all 
cases, comprised 87 to 94% of the fraction. Nitrogen analyses showed 
the presence of from 0.9 to 1.8% protein (N X 5.7). Protein increased 
with the extent of milling in the case of hard wheat, but fluctuated less 
in the case of soft wheat. 


Fig. 2, ‘'Amylodextrin” fraction from Turkey wheat, (Magnification 285 X) 

A. Extracted after wet milling. 

B. Extracted from flour. 

C. Extracted from twice remilled flour, 

D. Same field as C, between crossed nicols. 

A more complete analysis of a typical “amylociextrin’Vf faction is 
shown in Table II. . The major nonstarch materials were pentosans, 
protein, fatty acid, and ash. Less than 3,5% of the fraction was 
unidentified and this is believed to be essentially cellulosic material in 
the cell wall fragments. A cellulose determination of so small an 
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TABLET 

Yield of and Analytical Data on Starch and “ Amylodextrin ” Fractions 

All data on dry basis 


Sample 

“ Amylodextrin" fraction 

Starch fraction 

Yield 

Nitrogen 

Starch 

Yield 

Nitrogen 


% 

% 

% 

% 

% 

Turkey, whole wheat 1 

9 ■ i 

0.16 

94.6 

50 ! 

0.04 

Turkey, flour 1 

10 

0.25 

91.1 I 

60 

0.05 

Turkey, twice remilled flour 

15 

0.32 

89.6 

59 

0.05 

Trumbull, w^hole wheat 

8 

0.32 

: 87.5 

49 

0.04 

Trumbull, flour 

12 

0.24 

90.1 

67 

: 0.05 

Trumbull, twice remilled flour 

15 

0.29 

89.0 

60 

! 0.05 


TABLE II 

Composition of ''Amylodextrin” Fraction from Turkey 
Wheat Flour (On Dry Basis) 


Starch 

Pentosans 

Protein (N X 5.7) 

Fatty acids 

Ash. 

% 

% 

% 

% 

% 

90.1 

4.0 

1.5 

0.7 

0.27 

1 


amount would not have been practical, however, and was not at- 
tempted: Rough microscopic estimation suggested that the amount 
of cell debris present was approximately of the same order as the 
pentosans found by analysis. That the pentosans were largely in the 
cell debris was further supported by the fact that the starch fraction, 
which contained no cell wall material, also contained no pentosans. 
The fatty acid content of the fraction was about the same as that of 
prime-quality starch (0.7%), and, presumably, the fat was present 
mainly as a component of the starch granules. The ash, however, was 
twice as great as that of ordinary wheat starch. 

The most noticeable characteristic of the small-granule fraction is 
its semifluid nature. Density determinations made by pycnometer 
measurements gave : ^ 


'L'\mylodextrin*’ fraction . . ........ . L453 

Methanoi-extracted ‘‘amylodextrin’’ fraction. . L463 

Starch fraction, , ... ....... 1.485 


The effect of treating the shiall-granule fraction with amylase was 
investigated in order to determine if this treatment facilitated the 
preparation of the small-granule fraction in a pulverulent form, the 
development of such a procedure being of value in the commercial 
processing of flour for starch. Removal of the gelatinized damaged 
granules by enzyme treatment only slightly lessened the semiliquid 
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nature of the fraction. On drying the treated fraction in air, a. horny 
intractable product was obtained.' ■ Apparently the pentosan and pro- 
tein components, rather than gelatinized starch granules of the fraction, 
are mainly responsible for the great difficulty in obtaining the fraction 
as a dry, friable powder by ordinary dehydration. 

Discussion 

In this work it has been shown that the small-granule or ^‘amylo- 
de^xtrin” fraction comprises starch (87-94%), protein (1-2%), pento- 
sans (4%), fatty material (about 0.7%), and ash (about 0.3%). In 
addition there is a small amount of cellulosic material, probably about 
3%. The starchy material is composed of ungelatinized small granules 
and dp-niaged, large granules which gelatinize partiall}^ or wholly in 
cold water, the former predominating. The observations on the pres- 
ence of small granules confirm the work of Goldbeck (1916) and others. 
The amounts of protein and fatty material found in the small-granule 
fraction are approximately in agreement with values previously re- 
ported by Sandstedt, Jolitz, and Blish (1939). Data on pentosan 
content, however, are of a difiFerent order than those given by Baker 
et al (1943), who reported 14% as compared to about 4% found in this 
work. It is difficult to explain this discrepancy. Baker al do not, 
give the starch content of their /^amylodextrin” fraction which was 
extracted with a salt solution. Since the complete analysis is not 
available, it is impossible to judge whether their “ amylodextrin ” frac- 
tion was dissimilar to those studied by the present writers. 

An outstanding characteristic of the small-granule fraction is its 
semitluid nature, which cannot be attributed to density alone. The 
large difference in volumes (per unit weight of dry substance) of the 
• Starch and' ' ‘amylodextrin^’ layers after centrifuging indicates a, dif- 
, ference .in the packing of the particles. After centrifuging, a layer of 
ordinary starch is somewhat plastic (essentially solid) indicating, close . 
/packing ; of the granules, ■ whereas the layer of ■small-granule starch is 
.viscous: (essentially . fi uid) ' indicating ■ extremely ' loose packing. Other 
'Starches consisting , of smalFgranules tend tq have ..similar characteris- 
tics. This may be due to the much larger ionic charge per unit volume 
that small granules possess, the effect of a charge on a particle becoming 
more pronounced as the size of the particle decreases and its surface 
area per unit volume increases. The high ash content of the small- 
granule fraction suggests that a considerable part of the inorganic mat- 
ter may be adsorbed by the particles, thus increasing their polarity. 
Partiele size is not, however, the sole factor influencing consistency. 
Rice starch, with granules approximately equal in size to the small 
granules ./of' the 'Uam,yl'Odextrin,’tiraction,''',is'. lesS' fluid 'than,' the' latter; 
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■but more fluid than prime-quality corn or wheat starch. Further work 
would be necessary to determine whether small starch granules of dif- 
ferent species exhibit variations in packing* owing to differences in 
shape, etc. The low density and large area of the pieces of cell debris 
probably also contribute materially to the physical nature of the frac- 
tion as a whole. 

It would appear desirable to avoid designation of the small-granule 
fraction by the name ''amylodextrin.'’ Amylodextrin is a recognized 
enzymic degradation product of starch. Unlike the small-granule 
fraction, it is water soluble. The name small-granule fraction ” has a 
disadvantage in that important properties of the material appear to be 
due to components other than the small granules. ‘ ' Tailings fraction ' ’ 
might be a more acceptable term, since the fraction separated by centri- 
fuging is essentially the same as that flowing over the tail when crude 
starch is tabled, and since the name has no implications as to chemical 
composition. 

Summary 

The so-called “amylodextrin,” small-granule or tailings fraction 
separated by centrifuging crude wheat starch after the removal of the 
bran and gluten, is composed of very small starch granules, varying 
amounts of damaged large granules (depending upon severity of 
rnilling) , and smaller quantities of protein, fatty acids, ash, and pento- 
sans, and cellulose in the cell wall debris. The damaged granules 
gelatinize in cold water. There is evidence of relatively little degrada- 
tion of the starch. 

Large sorptive surfaces of the small granules, together with high 
ash content, suggest that the semifluid consistency of the fraction is 
due at least in part to an electroviscous effect. 
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REPORT OF 1943-44 COMMITTEE ON RELATION OF 
LABORATORY BAKING TO SHOP PRACTICE 

D. li. Pratt, Jr., Chairman 

B. A. Eckhart Milling Company, Chicago, Illinois 

(Read at the Annual Meeting, May 1944) 

Six samples of commercially acceptable bread flour, as listed in 
Table I, were submitted to seven collaborators with a request to bake 
and evaluate them in accordance with their existing methods and 
report the following information for each sample: (1) mixing time and 
type of mixer, (2) fermentation time and yeast percentage, (3) fer- 
mentation temperature, (4) absorption (13.5% moisture basis), (5) 
proof time and temperature, (6) baking time and temperature, (7) loaf 
volume, (8) scaling weight of loaf, (9) weight of loaf from oven. 
Identical data on the same samples were obtained from commercial 

shops. * 

TABLE I 

Flours Employed in Collaborative Study 


Sample No. 

Flour type 

Protein^ 

Aslp 



% 

% 

1 

Spring 

12.2 

0.40 

■ 2 

Spring 

12.3 

0.42 

3 

Winter 

11.9 

0.39 

4 

Winter 

12.4 

0,44 

■ ' 5 

Spring 

12.5 

0.46 

6 

Winter 

12.4 

0.47 


J 13 . 5 % moisture basis. 


The baking methods used by the various collaborators covered a 
rather wide range of testing procedures. Two laboratories used both 
sponge and straight dough, methods of baking, one used the, sponge, 
procedure exclusively, while the. remainder used .straight dough 
methods exclusively. Three operators used the “one hundred -gram" 
loaf' test, while the remainder 'baked.. one-pound loaves. Six col- 
laborators' used variable absorption with one e,mploying'a fixed ab- 
sorption;' four employed varying ' m,ixing times with three' using ■ a 
constant mixing time, for alT flours. Six of the laboratories were 
equipped with Hobart-Swanson type mixers or the McDuffy bowl in 
connection with h Hobart mixer; the remaining collaborator employed 
a Washburn Crosby type mixer. Four varied fermentation and 
proofing times, while three held these constant. All collaborators 
used the same fermentation and proofing temperatures. 

The mixing times are recorded in Table I I. Collaborators 4, 5, 
■6:, '.and^ 7 / all ..'.'employed „„a mechanical -means :'of " testing , the' .'flours, ' for 

■ 556 ^'-' 
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TABLE n 
Mixing Times 



Sample No. 

1 

2 

3 

4 

5 

6 ^ 

Col. 1 

8 

' a 

8 

8 

8 

1 8 

Col. 2 

3 

3 

3 

3 

3 

! 3 

Col. 3 

3 

3 

3 

3 

3 

i 3 

Col. 4 

4 

2X 

o 2 

2| 

2| 

4 

3 

Col. 6 

3 

3 

2 ; 

21- 

31 

21 

Col. 7 

3-1 

3f 

: 

21 

4, 

21- 

4 Sponge 

3§ 

3 

2 

2 

3| 

* 21 

5 Sponge 

6 

6 

4 

4 

6 

6 

6 Sponge 

3-1 

3 

2i 

2-1 

3-1 

3 

Commercial 

8| 

8i 

9 1 

9 

81 

9 


mixing time. Collaborator 5 used a fixed time only in the dough stage 
of his sponge and dough procedure, and the time listed for this operator 
is that at which his best results were obtained. Where mixing time 
was varied, there was rather close agreement between operators. 
Increased mixing time for the commercial shop on samples 3 and 4 is 
due to the softer dough as noted in Table III. A definite tendency 
toward longer mixing time for the spring wheats is also evident. 

TABLE III 


Absorptions (13.5% moisture basis) 



Sample No. 

J 

2 

3 

4 

s 

6 

Col. 1 

64 

64 

64.5 

64.5 

1 64.5 


Col 2 

: 59 

59 

59 

59 

59 

59 

Col. 3 

62.3 

62.5 

64.9 

65.2 

61.8 

64 

CoL 4 

63 

62.5 

65 

66 ! 

62.5 

63 

Col. 6 

64.2 

64.8 

64,8 

64.6 

64.8 1 

64.8 

CoL 7 ; 

63.5 

61 

61.5 

62 

64 : 

63 

4 Sponge : 

64,5 

64.0 

66.5 

67.5 

64 ■ •! 

64.5 

5 Sponge 

62 ! 

62 

64 

63 

63 : 1 

63 

6 Sponge ^ 

64.5 

65 

65 

64.8 

65 

65 

Commercial 

63,5 

63.2 

62 

65 

63.5 

63.2 ,' 

, Average 

63.0 

62.7 

63.9 

64.0 

63.1 

. 63,2 ; 


The absorption data are given in Table III. Collaborator 3 eiiir 
ployed a farinograph to determine absorption, while the others relied 
on feel and experience, and it is quite evident that the personal equation 
has markedly influenced the results. The average absorption values 
of all collaborators follow the same trend as the commercial figures. 
The winter wheats were given slightly higher absorption, than spring 
wheats.:'.,,. 
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TABLE IV 

Fermentation Time in Minutes 



Sample No. 

i 

2 

3 

4 

s 

6 

Col. 1, 

240 

240 

270 

240 

240 


CoL. 2 

180 

1 180 

180 . 

180 

I 180 

180 

Col. 3 

180 

i 180 

180 

180 

1 180 ' 

180, 

Col. 4 

113 

111 

106 

108 

111 

no 

CoL 6 

180 

172 

142 

142 

180 

146 

CoL 7 

180 

180 

180 

180 

180 

180 

4 Sponge 

260 

260 

260 

260 

260 

260 

5 Sponge 

340 

340 

340 

370 

370 

340 

6 Sponge 

270 

270 

250 

250 

270 

250 

Commercial 

270 

260 

225 

215 

240 

360 


The various fermentation times employed are recorded in Table IV. 
Three collaborators did not vary their fermentation, while the re- 
mainder showed some range of fermentation. Because of the wide 
range in the quantity of yeast employed, a second table has been 
prepared showing the fermentation times in minutes per percent of 
yeast (Table V). 


TABLE V 

Fermentation Time in Minutes per Percent Yeast 



Sample No. 

1 

2 

3 

4 

! ■ ■ 1 

! 5 

6 , 

Col. 1 

101 

101 

114 

101 

101 


CoL 2 

72 

72 

72 

72 

72 

72 

CoL 3 

60 

60 

60 

60 

60 

60 

CoL 4 '' 

56.5 

55.5 

53 

54 

55.5 

'55 

CoL 6 

75 

71 

59 

59 , 

75 

60 

CoL7 

90 

90 

90 

90 

90 

90 

: ■ 4 Sponge'' ■ 

87 

87 

87 

87 

87 

87 

■ ' 5 'Sponge ' J 

122 

122 

122 

128 

128 

122 

' ' 6 Sponge 

78 

78 

69 

69 

78 

69 

' Commereial ■ ' 

78 

75 : 

73 

66 

78 

,X 


Employing the sponge method, collaborator 6 adopted a fennenta- 
tion time which agrees rather closely with that used by the com- 
mercial shop. The others who used variable fermentation tiiiies all 
gave the spring wheat flours more fermentation than the winter wheat 
flours. This is true also in the commercial tests. These results 
indicate that the fermentation times employed by an individqid 
laboratory might correlate satisfactorily with those of a giver 

■ " ' , ■ ' iiiers 

mercial bakery*. ' .. 
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TABLE VI 
Proof Timi? 



Saiiyjle No. 


1 

2 

A 

4 

5 

6 

Col. 1 

5B 

58 

\ 57 

58 

58 


Col. 2 

40 

40 

40 

40 

40 

4-0 

C(')L 

55 

55 

55 

55 

55 

55 

Col. 4 

54 

54 

55 

53 

52 

48 

Col. 6 

65 

65 

64 

63 

62 

60 

CoJ. 7 ' 

55 

55 ' 

55 ^ 

55 

„ 55 

55 

4 Sponge 

49 

50 

47 

48 

45 i 

42 

5 SpO'Oge 

70 ; 

72 

70 

69 

65 

58 

6 Sponger 

67 

68 

70 

68 

65 

58 

Commercial 

60 

59 

55 

58 

60 



The, proof times recorded in Table VI show less variation between 
operators than thr; data for mixing and fermentation times. Wliere 
proof time was varied there was a trend toward shorter proofing time 
witli the samples having the highest protein. 


1ABLE VH 

Loaf Volumi?: in cc/g of Dough 


Sftinph:* Na. 



1 

.2 

d 

•1 

5 

.'6 

Col. 1 

i 5.16 

S.13 

5.12 

4.<)7 

5.02 


('oi. 2 

4.15 

4.05 

3.94 

: 4.19 

4.45 

4.28' ■ 

."Col. 4 

4.25 

4,27 

4.20 

! .4,25 

4.25 

4,22 

Col. 6 

.5.80 

5.90 

5.6 

5,50 

5.78 

5.65 

Col. 7 

4.94 

4.91 

4,79 

4.89 

5,31 

4.86 

4 Sponge 

4.39 . 

4.40 ; 

■ 4.39 

4,52 

4.52 

4.35 

5 Sponge 

4.89 '■ 

■ ,4.92 

4.72 

4.79 

4,75 

4.75 

6 Sponge 

' 5.90. 

6.0 

5.7 ■ 

5.62 ■ 

S,.8S' 

5.72 . 

Avgd'..'' 

:.4.B6 

4.85 

.4.73 

' 4..76 : 

4,95' 

■4.75 

.'' A'Vg.® ' ' , , 

5.06 

5,10 

'4,89 

4.97 

5.04 

4.94' ' 

Commercial' 

4.59 ^ 

4.55 

4.48' 

4.60 

4.68 

, 4.53 


1 Avenigc m.taiglit douglL 
» Average dojiglu 


The .loaf volumes expressed' on a' unit 'Weight of, dough, tire pn^scnUwi 
' in Table''Vl,L'' "The average loaf- volumes for all collaborators rank the 
flours 'iri. ' the 'San^ as’ their protein content. 

'/■ '.'The results of this study serve to, emiphasize some of the'cli'ffi.culties 
.involved',,, 'in .'^attempting' to' correlate '.'laboratory' baking,' results', .witit 
'pliop practice.' ' The proble'm, of. 'correlating, the al)sor|)tion and mixing 
' ^'''“'■■'t.,,;.:'v*Seci'''''in the laboratory 'with, shop practice is relatively simple, 
ttir instruments such as the micromixer and farinograpli are available* 
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for these purpovses. It would seem ■ necessary to employ a' fixed 
formula; preferably tliat of the baker, and vary the fermentation to 
obtain either an optimum loaf or one that, corresponds to that produced 
under shop conditions. ' Broof time could either be held constant or 
varied to give a loaf having a si.milar specific volume to that produced 
commercially. Studies of the relation between experimental and com- 
mercial baking results should be continued. The ultimate goal can 
best be achieved by complete cooperation between the cereal chemist 
and the practical baker. It is therefore suggested that consideration 
be given to the possibility of further studies being undertaken as a 
cooperative effort of the cereal chemists and the bakery engineers. 
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THE RELATIONS BETWEEN KJELDAHL PROTEIN, ZELENY 
PROTEIN, AND LOAF VOLUME IN WESTERN 
CANADIAN WHEATS AND FLOURS^ 

W. J. Eva and J. A. Anderson 

Grain Research Laboratory, Board of Grain Commissioners 
for Canada, Winnipeg, Manitoba 

(Presented at the Annual Meeting, May 1944; received for publication May 26, 1944) 

About four years ago, Zeleny ( 1941 ) introduced a new simple pro- 
cedure for determining protein content in wheat and flour. The pro- 
teins are peptized in a dilute alkaline solution, a stable colloidal 
suspension of the proteins is produced by a controlled change of the 
hydrogen-ion concentration, and the resulting turbidity is measured in 
a photometer by transmitted light. Zeleny found a close association 
for flours between light transmission and protein not peptized by 5% 
potassium sulfate solution, and Zeleny, Neustadt, and Dixon (1942) 
also found a close association for wheats between light transmisvsion 
and a calculated value for endosperm protein. For these reasons they 
stated that “ . . . the results obtained are probably a somewhat better 
index of baking quality than are the values obtained by the conven- 
tional Kjeldahl procedure.'' 

This hypothesis and the simplicity of the method suggested that 

further investigation might prove profitable. Accordingly, a study 

was made of the relations between loaf volume, Zeleny protein, and^ 
— — — ■ — — 

: , ^ Published as' Paper No. 66 of the Grain Research Laboratory, Board of Grain Commissldiers 
for Canada. Winnipeg, ' Manitoba, and as Paper No. 227 'of the Associate Clommlttee on^ Graiiv 
search '(Canada). '■ ' ; ■ , ■ ■ 
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Kjeldahl protein. Baking vStrength, as measured by loaf volume, is 
only one of tlie components of bread-making quality in flour; it is 
an iiri|)ort:aiit one, wiiicli also lends itself to quantitative study. 
Altlioiigh no closer relation was found l>etween Zeleny protein and 
loaf volume than between Kjeldahl protein and loaf volume, the resuits 
of the study are of vsufficient intends! to warraot pul:)lication. 

Materials and Methods 

When assessing the ability of any inethod for estirmiting' loaf 
volume, it is advisable to investigate both inter- and intravarietal 
relations. For tliis purpose, the ideal series of samples comprises a 
number of different varieties, each grown at a number of differetit 
stations. Unfortunately^ it was not possible to obtain such a series, 
and a com|>roniise had to be made by using one series of sani[>Ies to 
study intervarietal relations and another to study intravarictal re- 
lations. 

The first series consisted of composites of 25 varieties that had 
been grown in the '^Uniform Variety Tests” by the Dominion Depart- 
ment of Agriculture a.t nine different stations in Western Canada 
during 1943. The second series consisted of SO samples of Thatcher' 
wheat grown by.registerec'l seed-growers at 50 different points through- 
out Western ('''anada in the same year. All, samples graded 3 Northern 
01 *' higher. , ' ' 

The wlieats, which were cleaned free from clockjige, were .milled in, 
an Allis-Chalmers experimental mill, and. a standard feed- 'flour was 
used to control the yields. Flours of approximately 71% extraction 
were obtained and these were baked m triplicate f'>y the standard 
'nialt-phosphate-broniate formula. 

Protein content was determined, in duplicate on duplicate sub- 
samples' of' tl'w wheats, -and in quadruplicate on the flours, by .tl'ie 
KjeldahbChu'U'iiiig-Art'ioId method. ,Correspoi"idii'ig t‘e|,)!icate determi- 
na't:'ioi''is o.f .light’ t:ra,nsmissions wmxrrnade by the pr()cax:''hir(ro.'i'itlin.e(i' by 
.Zeleny et al (1942)., with the use of an .Ev.e,Iyn coIorimeKu" and a light, 
■filter of 540 mjw. However, instead of shak.iiig the salnpl(^s and the' 
',|:':)epti.zii'ig. agent intermittently for 3 -"min,, th.ey wm-e rotaUid SO to 60 
times' per' min for 5 I'nirn^ , The w.h.eats'fo.r the Kjeldahl method were 
;^gro.und through' a burr mill. with a, close. setting, and for the Zeleny 
'.xnethod . 'they' .were' ground through a Wiley mill with ,'a l-nim' sieve. 
'The 'Kjeldahl proteins were corrected' to', a 13.5% moisturcd3asis, and 
Zel"eh,y 'transmission .values were obtained on . th.e same basis' by .appro- 
priate' adjustment .of the amount -of 'sample '.weighed out." .- 

' " * Thia dmngt 'mS'.tuggestttd private co'mmunimtbn Or. .t.. ".Zi'teoy wii.o pliit'ed opt. that 

vigormm a'haking appeal tP'.lMit.v'€..ioma uad'esimbb etot.cm the ph'yalcal 'pmpertkw, erf the.glutea aiKl 
terbs to.,cawse iomewtitt.w.ali'e 
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Results and Discussion 

Relations with Loaf Volume. The primary "object of the investiga- 
tion was to determine whether or not the Zeieny method gives results 
that are more closely related to loaf volume, than those given by the 
Kjeldahl method. This matter can be examined with the aid of the 
scatter diagrams in Figures 1 and 2. The former shows that the range 



Fig. 1. Scatter diagram for the 25 varieties showing relations between Kjeldahl protein and 
loaf volume and Zeieny values and loaf volume. 

of protein contents for the inter varietal series is quite narrow; but 
this is to be expected because the samples represent composites for 
varieties that are normal in protein content and that have been grown 
under the same environmental conditions. In the Thatcher series 
(Fig. 2) a comparatively wide range of protein contents is represented. 
It is hardly possible to tell by inspection of these figures whether the 
relations for Zeieny protein are closer than those for Kjeldahl protein, 
and the correlation coefficients must therefore be examined. 

The simple correlation coefficients are shown in Table 1. All are 
'.highly, significant, but 'those' for Zeieny protein and loaf volume are 
.'.tower, than those for ''Kjeldahl protein and loaf 'volume except in one 
instance in which they are equal. These differences, however, are 
not great enough to be statistically significant. Therefore, all that 
can ' be said, is that the Zeieny .method measures some fraction of the 
'.'total' protein that.is no more closely related 'to loaf volume than is 
total protein determined by the Kjeldahl method. 

As the Zeieny method measures some fraction of the total protein, 
and as this fraction is closely correlated with loaf volume, it is im- 
portant tO'rietermi.ne' whether. this relation is ind'e.penden't' of bilateral 
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2. Scatter diagram for Thatcher aeries siiowing reiatioiis between Kjeldah! protein and 
loaf volume and Zeleny values and loaf volume. 


relcitions witli total firot.'eiii.. Accordingly, tfie I'lartial correhitions of 
loaf volu'nie with Zeleny protein independent of Kjeldahl |:,)rot:ein wc^rc 
calculated. These partial correlations (Table I) are extremely small, 

TABLE I 


SiMPLK AND ParOAL CoRRKIAOoN CoKFFICIKXTS FOR LoAF VOLIJMK WITH 
Kjildahj Projmn anu with Zeleny Protkin 


Scric'i? 

fciiinplc < 
Loid volume 

X KjOtlnh! protein 

"ori'clutiotm . 

Loaf vttlumc 

1 X Znicuy protein 

Piitlial correlutions 

1 .oaf vt4nme X ZOnuy 
imh'pcndciit of Kjt4il.dll 

IS \^irit‘ti<*h 

Wlumt 

(in 

«..0,75 ■ 

- 0 . 1(1 

Mour 

0.84 •* 

- 0 . 78 ** 


HuUdier 

Wheal 

0 . 88 ** 


-0.2(1 ' 

Fltjiir . 

o.oo ** 

- 0 , 88 ** 

0.22 


Note*: In this and MUbwquent die«dtf*is 1% .level of Hignilicance uttuintHh 


and thus tend to prove that the Zeleny method is measuring some 
moderately constant proportion of the total protein. Perhaps it 
should be emphasized here that theae conclusions are haHe<l U[Km 
studies with wheats that contain few if any danuiged kernels. .Similar 
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tests with samples of' light test weight containing damaged' kernels 
might well lead to modified co.nclusion's. ■ 

In this connection it is of interest to quote from a private communi-. 
cation from Dr. L. Zeleny: The fact that giobulins, albumins, 
proteoses, and other simpler nitrogenous compounds remain almost 
completely peptized in the medium used for the turbid suspension and 
the fact that the proteins of wheat bran have been shown to contribute 
but very little to the turbidity of the suspension make it appear reason- 
able to postulate that the photometric method is essentially, although 
probably not strictly, a measure of the gluten protein content of the 
wheat or flour. This hypothesis is supported by the further fact that 
although the Kjeldahi protein content of flour is invariably lower than 
that of the wheat from which the flour is milled, the photometric 
protein content of the flour is invariably higher than that of the wheat. 
Total protein (N X 5.7) is always lower in the flour than in the corre- 
sponding wheat, but gluten protein, on the other hand, is higher in 
the flour since most of the non-gluten proteins and but very little of 
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«> 
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c 

"S» 
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Log Tronsmisslon 

Fig. 3. Scatter diagram for the 25 variety and Thatcher series showing 
relation between Kjeldahi and Zeleny values, 

the gluten protein are removed with the bran and shorts in the milling 
process.” Figures 1 and 2 illustrate this last statement; for the 
'Zeleny, niet hod flour .proteins are much higher than those of the, wheats 
from which they were milled transmission values are lower for 
flours), whereas a slight difference, but in the opposite direction, is 
shown by the Kjeldahi data. 

There are other comparisons of correlation coefficients that can be 
made, from. the data in Table 1, but these are of secondary, importance.. 
The correlations' dor loaf volume and ■flour protein tend.'to'be Jiigher 
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than those for loaf volume and wheAt protein, a,nd tlie "Hiatclier corre- 
latioiis tend to, be liigher than the intervarietal correlations. These 
diffcreii(X‘s are in tlie (^x|')ect.ed directions, thouit^ii tliey are not statisti- 
cally siyiiific'ant. 

ReJAiHon between Kjeldahl and Zeleny Protein. Tlie data, were also 
examined to det'(:*rmine whetl'K.a- the Zeleny nu'*thoc,l could be used to 
predict fvjcldalii |:)rotein. The scatter diagrams for the ' Zeleny- 
Kjeldahl relations are shown in Figure 3, and tlie cor,resf:)onding 
correlation and regression coelficients are given below: 



Currelati*,)!! 


Rogressson 

ot>etlu:4<Mvls 


2B \’’arietie.s 

Tliatcln^r 

25 Variet i<*s 

Tliatrher 

\yhe:it 

-0.92 ** 

-0.98*=^ 

"'""367 ""'I 

- 76 

Flour 

-0.9,? *» 

-0.99 

-71 

, — 74, 


All the correlation (■•oefficients exceed tlu^ values required for' the 1% 
level of signi'fica,n('e, and indicate that Kjeldahl protein can be pre- 
dicted from Zeleny protein with considerable precision, llie standard 
errors of 'estimate from means of quadruplicate deterniinations are as 
follows: 0.2% protein for wheat and flour in the intervarietal series, 

and for flour in the Thatcher series, and dfc 0.3% protein for' wheat in, 
thedThatcher series. However, the same prediction equations cannot 
be used I'lOtli witliin and between varieties. This follows from the 
fact tliat there are significant differences bet'ween tlie r(*gression coeffi- 
cients for tlie Thatclu'T and .tlie intervarietal series. The statistics 
thus' suggest that, an accurate general equation for predicting Kjeldahl 
proti,:in , from Zeleny j„)rotein cannot 'be dcwdoi'ied for a miscellaneous 
group of sarniiles representing diffcnamt varieties grown under various 
environm,e,i'iia1 conditions. Satisfactory 'prediction will jirot'iably be 
limited either t:o sam|:)ies of one 'variety grown, in different jilaces, or 
t<,) sampii^s of (,„lifferent',. 'varieties grown"! in one |,.)lace. 

Comments ' Oft the Zelmy Method. . I1ie, 'teclniique of the ' Zeleny 
rnethod, is quite' 'simtile, but .tlie analytical 'error is; apf'ireci^'dily Iriglier 
than .that", of .the Kjeldahl method.' ',1111 like the latter, the, Zeleny 
nud hod' ,„ g'i'ves' li igher ' errors,, ’ for , flours,' 'than for ' wheats. ■ Flours ' 'are 
more di'fficult ,to test,'. tliaii; wheats' by' the,, 'Zeleny mcA'.liod because it is 
not' easy,. to paste tliem 'up thoroughly .'w'hile t::he dispersing age,nt' is 
'being„. add'ed.. ','A, compariso'n ■ of ' the errors, of the' ,Kj.eIdahI and, :the 
Zeleny, methods can be :m,ade. 'from' 'the' following standard .errors' of, 
duplicate :'determinatio'ns', which 'are .recorded, in 'terms .of ,""Kjeldah,l 
protein:' „ ' 
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1 ' ' ' ■ 

■ — - — 1 

1 ' 

, . - — 


25 Varieties 

Thatcher 


Kjeldahi 

Zeleny 

Kjeldalil 

Zeleny 

Wheat 

0,07 

* 0.09 

0.09 

0,15 

Flour 

o.u 

0.17 

0.07 

0.25 


With the Zeleny method the greater part of the error appears to lie in 
the dispersing process, but it is reasonable to believe that further 
investigations may result in improvements that will materially lower 
the analytical error. 

The cost of operating the Zeleny method is much lower than that 
of the Kjeldahi method, and the amount of laboratory space required 
is much smaller. The analytical operations of the Zeleny method can 
be carried out very rapidly, but more time is required for the prepara- 
tion of wheat samples for this method than for the Kjeldahi procedure. 
The Zeleny method has special promise in field laboratories where it 
is not possible to install conventional protein apparatus. 


Summary 


The photometric method developed by Zeleny for determining 
protein content in wheat and flour has been examined to determine 
whether it gives results that are more closely related to loaf volume 
than are conventional Kjeldahi data. The Zeleny correlations, both 
within one variety (50 samples of Thatcher: wheat, 0.88; flour, 

— 0.88) or between 25 varieties (wheat, — 0.75; flour, — 0.78), were not 
as high as the corresponding Kjeldahi correlations (0.88, 0.90; 0.79, 0.84). 

The correlations between Zeleny values and Kjeldahi protein were 

— 0,92 and — 0.93 for wheat and flour in the intervarietal series, and 

■ — 0.98 and 0.99 for wheat and flour in the Thatcher series. The 
.Zeleny .method can apparently be used for predicting Kjeldahi protein ■ 
,in sound sam.ples of one wheat- variety grown, in different. places, or in 
samples of -different varieties grown at one place. . 1 1, is improbable tha t 
a, satisfactory general- equation- for all samples can be developed. 

The evidence strongly suggests that the Zeleny ,p.rocedure is meas- 
uring some relatively constant proportion of the total protein and tliat 
this protein fraction is concentrated largely in the endosperm. 

The method is very simple, but, at the. present time, the analytical 
error is higher than that of the Kjeldahi test. 
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IMPROVEMENTS IN THE DETERMINATION OF STARCH 
IN CORN AND WHEAT 

F. R. Earle and R, T, Milner 

AnajytJcal and Pliysical Chemical Division, Northern Regional Research 

!w'il)oratoryd Peoria, Illinois 

(t>r(,sent«.‘d at the Animal Meeting, May 1044; received for pu}>licatioii 'May 26, 1044) 

M'ethods for the determination of starch in materials of relatively 
hig'h vStarch content, such as cereal foods, grains, and stock feeds, have 
been studied by the Association of Official Agricultural Chemists for the 
past several years- Present official methods ('‘Methods of Analysis,' 
A.O.A.C'.,’* 5t.h ed., 1940) for grain and stock feeds include (1) direct 
acid liydrolysis, (2) diastase method with subsequent acid hydrolysis, 
and (3) the latter with provision for the removal of interfering polysac- 
charides. The first of these methods is. not applicable in the presence 
of fientosaiis known to occur in grains unless a large correction involv- 
ing a. separate analytical determination is made for pentosans. 'Fhe 
second method and, especially, the third metliod are Ial:)orioiis and 
extremely time-consuming. These methods are usually avoided in 
routine analyses by industrial comj;>anies because of the time and la'l'ior 
involved,. Under “Cereal Fobd.s,'’ the Rask method is listed, by the 
.Association of Agricultural Chemists .as a tentative metliod, 

applicable to uncooked cereal' products. This method is empirical, 
requiring very careful timing and strict adherence to every 'detailed 
direction. All of the above methods of the Association of 'Official 
Agricultural (..diemists 'a,re repeated in the “Cereal Laboratory' Meth- 
ods, A.A.('kC.,“ (4th ed., 1941). .The unsatisfactory status of thesc^ 
nuUhods is recognized liy the continuing work of refe.rees in the' Associa- 
tion of (Ifficicil, .Agricultiiral Chemists; and the most recent report 
(,A.(,).A.C., 1944) re<a)nunends the Hopkins (1934) revision , of 'the 
Mannich-l.enz (1920) |,)ola.rirnetric pri'icedureas a, tentative method for 
cereal foods. ', Etheredge (1941) has surveyed starcli H'lethods,, and 
.Hopkins (1934) presents an, extensive .review of the literal ifrt% 

■ ' "In our work the polariiiK'rtric procedure of 'I’"":I,'o{:)ki'ns lias htno st udied 
i.ii'Scme cletaiir,aiK:l results obta,ined ,by this procedure hav(^ Ixam coi'n'-. 
pared,',' with .those. obtained by, the diastase and, direct acid .liydrolysis 
'.■methods on, pure starches. The [jolarimetric iiroeedure was .applied .to' 
G'Ornaiid' wheat, using 'the factors’ found i'li a'study.of pure'starches, and^ 
the'Tesults,,'oii'a' large number of samples, were compared witli those by 
the diastase' method. A pretrea'tment of 'the ground', gTa:iiiS '' was de- 
veloped wliich removt‘d interfering materials, ..Satisfactory agreenien't 

1' Thla Is one of Ui« labomtorlcH of the Bufes,U('of AgrlculUiral atid Lidiwtrial Cl'i.«*mR'try", ..Agrirnd-' 
iiiud KeHt‘:irch AdniiuistratuMi* If. S. Department of A,gricul,t.ure,, ',' ■ 

■C"''56r 
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between the polari metric, and 'diastase methods 'was obtained with 
corn and wheat by this means. 

Experimental 

Starches. The use of pure starch as a standard for evaluating, 
analytical methods became justifiable only after a satisfactory method" 
was developed for determining the true moisture content of this mate- 
rial. Water forms by far the largest nonstarch constituent, so that 
even a minor error in its estimation is of importance. The methods 
for moisture described by Sair and Fetzer (1942) were shown to be 
accurate within a few tenths of 1%. Other possible nomstarch con- 
stituents are fatty materials, protein, ash, and pentosans. 

Table I describes the seven starches used in this work and gives 


TABLE I 

Starch Samples Used 





Moisture 

No. 

Type, 

Preparation 

. content 

1 

Corn 

Commercial 

% 

n.67 

2 

Corn 

Commercial 

11.08 

3 

Waxy corn 

Laboratory Pilot Plant f rom I owa 939 

12.02 

. .4 

Wheat 

Laboratory Pilot Plant from Dawson 

12.10 

5 

Wheat 

Laboratory from Turkey 

9.88 

6 

Tapioca 

Commercial 

12.12 

7 

Potato 

Commercial 

13.43 


results for moisture by the toluene distillation or vacuum oven methods 
of Sair and Fetzer. The results for other nonstarch constituents shown 
in Table 11 are the averages of closely agreeing duplicate or triplicate 
determinations. Official methods of the Association of Official Agri- 
cultural Chemists, were followed where posvsible. Ashing was carried 
Gutmt 700®C for 3 hr. The air-dried starches were extra.cted for 48 
hr, iii '.a Soxhlet apparatus with absolute methanol. In determining 
■ the ' fatty acid .'left on, acid hydrolysis, 10 g.'of starch were lieat'.ed on, 
the boiling water bath for 2 hr in 220 ml of 0.7 A hydrocliloric acid. 
The fatty acid in the residue from acid hydrolysis was extracted with 
petroleum ether, titrated with alkali, and calculated as oleic add. 
After ashing with magnesium nitrate, phosphorus was determined 
colorimetrically, using stannous chloride as the reducing agent. Pen- 
tosans were determined as furfural by distillation with 12% hydrochlo- 
ric acid, ,as,',in .the A.O.A.C. method, but, because' pure glucose yields, 
products, which, give . a precipitate with, phlorogluciiiol .when , this: 'pro- 
cedure" is ' used, the, furfural produced-, was'.'de'terniiiied' with, thlobarbi-' 
turic acid '('Bailey, 1937) , '.after a' 'redistillatio'n 'tc.-eliminate', interfering 
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TABLE 11 

NoNSTAKC'H CoNSTITlTENTS (DrY BASIS) 


Sruniile 


CoriHtitiHMit s 

Corn 

! 

Corn 

Waxy 

t'orn 

Wheat 

Wiieat 

T'ai)** 

ioca 

'f-‘o. 

taio 


1 

2 

2 

4 : 

5 ' 

(> - 

7 ' 


% 

% 

% 

% 

% 

% 

% 


.089 

M3 

.033 

.040 

.051 

.008 

,m2' 

Protein (N X 6.25) 

.56 

.27 

.20 

.25 

.32 

.05 

.0<S 

Ash 

,10 

.08 

,07 

.13 

.14 

.10 

,32 

Fatty acid (calciiiated as uieic, from 
titration of acid hydrolysis 








residue) 

,68 

.67 

.08 

1 .49 

.51 " 

.12 

,01 

Pentosans 

— 

.0 

...... 

; 

.0 


.0 

Phosphonj.H 

.019 

.016 

.OFl 

1 .048 

*059 

.011 

.087 

Methanol extract 

.77 

.75 

,26 

1 .39 

.37 

.22 

,04 

Fatty acid in extract (by titra- 








lion) 

— 

.49 

.09 

.13 

.11 

.07 

.02 

Nitrogen in p tract ; 

.016 

.007 

,007 

.008 

.007 

.001 

,000 

'Phosphorus tin extract 

,005 

.007 

.001 

.022 

— 

,001 

.002 

Fatty acid in residue fro.m ex- : 








.. traction 

— . 

.04 



- ,32 

— 


Phosphorus in residtie froin ex- 


1 






tra(!tion 

.015 

,010 i 

.007 i 

.033 

.048 

.008 

im'' 


substfUices. , (Jiipublishccl- work; of. this lal':K')ra('.ory, as well as, the .work 
of others (.Laiitier and Wilson, 1939), has shown that ttiis procedure is 
necessary to eliniinate interfering substances, such as. hydroxy. metliy! 
fiirfurab 

The differences between the methanol extract- a.nd the .fatty acid- 
found, in, the residue from acid hydrolysis are insigni'ficant in calculating' 
the sum of all nonstarch constituents. Except in tl'ie case of the 'wheat 
starches, the ainoiu'it of ..irietliaiiol extract is always tlie g^reriter, indi-- 
cating that other substances’ be.s'i("les fatty, acid are extracted. The' 
assumptions- have berux ma.de in calculating 'the nonstarch constituents 
that all of tlxe nitrogen .in the sta.rch is from protci'iL that 'all of the 
plio«i’)horus -' is -a part of tluFsta-rch structure, and t.ln-it all of tlie frc‘e 
fatty add f(,')i;U'id on acid hydrolysis is.,a'noiistard:"i. co'nstituent. Other 
assumptions of equal probahili'ty -may-.be made,, but bc:'.^caiise,:<}f'the higli 
purity of lliese starcTes,' therfigure-s for,' total 'perce'U-tage.of starch would 
not be appreciably altercnl by thevSe other ..assumptions,..' 

The figures for nonstardx constituents atK'l starch 'by 'difference are' 
given in Table 1 11 . In Table IV am shown the starch rc'suifs ohtaine<i^ 
l)y four methods. In making these determinations, 70% instead of 
10% alcohol was used t:c)-remova'SUg'ars;''''a malt syrup of high diastatic 
power was used in place of the malt extract; the Scales mctlwxl (Isbell, 
1940) was used for sugar; and the factor 0,92 was used in place of 0.90 
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TABLE III 

Specific Rotation or Starch 


vSampIe 


Detenninution 

Corn 

Corn 

Waxy 

corn 

Wheat 

Wheat 

I'apioca 

Potato 


1 

2 


4 

5 

6 

7 

Fatty acid by acid hy- 
drolvsis, % 

,68 

.67 

.08 

,49 

.51 

.12 

.01 

Protein (N X 6,25), % 

.56 

.27 

.20 

.25 

.32 

.05 

'M 

Ash, % 

.10 

.08 

.07 

.13 

.14 

.10 

.32 

T 0 tal non s tarch , % 

1.34 

1.02 

.35 

.87 

.97 

21 

1 ' .41 

Starch by difference, % 

98.66 

98:98 

99.65 

99.13 

99.03 

99.73 

99.59 

Observed rotation, 
CaCL soln, l-dm 
tube, 2-^ sample in 
100 ml 

4.016 

4.010 

1 4.062 

i 

4.012 

3.985 

4.060 

1 

4.058 

Specific rota tion [ajp, ° 

203.5 

202.6 

1 203.8 

202.4 

201.2 

203.5 

203.7 


TABLE lY 

Comparison of Methops of Determining Starch 


Sample 


Method 

Corn 

Corn 

Waxy 

corn 

Wheal 

Wheat 

Tap- 

ioca 

Po- 

tato 


1 

. ' 2 '. 

3 

4 

5 

6 

7 


% 

% 

: % ^ 

% 

% i 

% 

% 

Starch by difference 

98,7 

99.0 

99.6 

99.1 

99.0 

99.7 

99.6 

Starch by polarimeter ([ajp =* 203®) 
Starch by acid hydrolysis (factor 

98.9 

98.8 

99.8 

98.8 1 

98.2 : 

lOO.O 

99.9 

0,92) 

97.2 

97.8 

98.6 

97.6 

97.9 

98.9 

99.3 

Starch by diastase (factor 0.92) 

97.4 

98.5 

99.7 

98.8 

1 

98.S 

99.8 

99.8 


in converting from sugar to starch* The factor 0*92 was derived by 
treating pure dextrose (National Bureau of Standards' No, 41) with 
acid under the conditions used in .both the direct acid liy(,lrolysis and 
diastase: methods.' The use of the factor 0.93' instead of 0.90 has l)een 
suggested, by Noyes (1.904), BTheredge (1941), and .many others. ■ 
1'he,ag.reement shown in Table IV between the starch by difference a,nd 
the starch by diastase further supports the factor 0.92. The rotations 
of the starches were measured by reading the rotation of the dis|,)ersion 
of 2 g of starch in 100 ml of the calcium chloride solution described 
later, using a 1-dm tube. The specific rotations, [a]D, of the starches 
were calculated from the starch contents as determined .by' diffe.rence 
and the observed rotations. ' The average speci.fic, rotation of 203® .was 
.."used' 'in,' all further, work, since, the differences,. shown by, the various' 
kinds'' of' starch,, do. not' exceed the possible., experimental error.'' .-'rite 
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sfiecific rotation calculated for the two wheat starches is slight!}? lower 
than 203^, but iinti! a larger number of starches are studied this average 
value is recotiinieiided. 1'1iis value of 203® is slightly higher tfian the 
commonly used value of 20(f (M'amiich-I,veuz, 1920). 

The agreement l:)etween the figures for starcli determined by dia- 
stase and starch determined by difference was satisfactory, whereas the 
figure for starcli by acid hydrolysis was consistently lower. ' Tlie 
average values for the seven starches were: by difference, 99.25% 'f by 
diastase, 98.93%; and by acid hydrolysis, 98.17%. No effort was 
made to depart from the official methods for the acid hydrolysis a,nd 
diastase methods in order to obtain, higher values. 

Corn and Wheat, Determinations of the starch content of corn and 
wlieat were carried out using essentially the A.O.A.C. tentative polari- 
metric .method and the A.O.A.C. diastase method with the modifica- 
tions previ(.)usly descril)cd, Kx|:>eriments on the fineness of gritid.ing 
required to obtain a complete dispersion of the starch of these grains in 
calcium chloride solution showed that grinding through, the 
screen of a Wiley mill was satisfactory. Comparable and equally 
satisfactory results were obtained l)y grinding corn o.n a Bauer Brothers 
mill (3,600 r|:)m attrition mill) and i)y grinding wheat on. a Labconco 
mill. 

Comparison of the results by the polarirnetric and diastase methods 
on 'E .series of 30 corn samfiles showed fairly satisfactory' agreement. 
The average, by the fiolarimetric method was 71.0% starch, and tiiat' 
by the diastase metliod (factor 0.92) was 69.9%,. Although ' the' 
|)oIarimetric ['irocedure, as described in the Journal of tlie Associa.tion 
of (,)fficial Agricultural (.’'hern ists, is much easier am.l faster than the 
diastase procedure, the modificiition described by Clendenning for 
use on. wheat flour offers a further advantage in speed. A comparison 
made between these, two polarirnetric procedures showed on 23 samples 
, of' corn an average of 69,5% starch by tlie A.O,,A.C. |)roce(h,.ire (using 
■arvaIco,hoI wash) a,nd, 69,3% -starch' by the CleiK,Icntiiiig-[>n)ceflure (iit 
which'S.,0 ml of 2.5%) stainnic chloride is added to {'.irecipitafc^ proteins in' 
place of. washing). It is.ap|,>arent that an,y 'sugar' present in t.lu* caliium 
chloride disfiersion. does not app.reciably affect tiie, rcNsidts obtaiiu^<l for 
-starch. 

When the diastase .and .'polarirnetric methods .of the'' Association of, 
O'fifidal -Agricultural, 'Chemists were used on wheat, the diastase. method 
.gage average results' for starch.', that, were 2.5% liigher than those ob-^ 
taiiTed.'by ' the ' polarirnetric procedure. Differences in, "re'SultS' by the 

two methods w(Te especially rnarkecl when fractions from wheal nulling, 

'. results ar«‘ i-alviUutt'd to the 

, » l>r. K. A. CU-tHlMiuing very kindly'furtti«ited directiotw for his tnetltod of determ inirtg..ii.tard,i .lrt 
wheiit Hour (unpubflnhed). 
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such as bran and shorts, were analyzed. ' If was found that the use of 
stannic chloride or other protein precipitant was of no assistance on 
many samples since the solutions could not be filtered easily and were 
turbid after filtration. Balch and Phillips (1941), in a study of the 
determination of starch in sweet potatoes, found that an alkaline wash, 
removed interfering materials. .This procedure was found to work very 
well with wheat, and the alkaline wash was shown experimentally not 
to change the rotation of pure starch. The ether and alcohol washes 
recommended by the Association of Official Agricultural Chemists were 
replaced by three washes with O.OSiV sodium hydroxide, followed l;)y 
one wash with 0,5N acetic acid and two washes with alcohol. Using 
this alkaline wash in the polar imetric procedure, analyses of 43 samples 
of wheat grown in 1940 and 1942 gave 63.9% for the average starch 
content in comparison with 65.4% by the diastase procedure; this was 
a marked improvement over previous results. 

The effect of the alkaline wash on the diastase determination was 
also investigated. For a group of 46 wheats grown in 1941 ^ the 'average 
starch content was 65.1%, which was exactly the same as the average 
starch content by the polarimetric procedure using an alkaline wash. 
In making* these comparisons, the average difference between dupli- 
cates on 42 samples was 0.27% for both methods, and the standard 
error of a single determination was 0.19% for the polarimetric and 
0.27% for the diastase. The maximum difference between methods 
was 1.8%, On the other four samples, duplicates by the diastase 
method differed by more than 1% and were not included in the average 
since additional determinations were necessary. Three other samples, 
in which the ratio of starch to nitrogen differed from that expected, 
were rerun by the polarimetric method. On two of these samples in 
the repeated determinations the starch value was increased, making 
the ratio of starch to nitrogen more nearly that which was expected. 

Improved Polarimetric Method 

ITie details of the final methods used for determining starch in corn 
and wheat. are, .as .follows:’ 

Reagents ■. 

Calcium chloride solution: Dissolve 546 g of CaCla- 214^0 in distilled water and 
dilute to one liter. Adjust density to 1.30 at 20®C, Add glacial acetic acid to bring 
to pH of 2.5 dr O.3; 

Stannic chloride solution: Dissolve 2,5 g of SnCU-StbO In 97.5 g of the CaGh 
solution. ■ ■ 

Sodiu7n hydroxide sohition: 0.05N. 

Acetic acid solntion: O.SN. 

Ethanol: 70% by volume. 

:■ .Determination ' 

Corn, Grind the sample through a 0.5-mni Wiley screen, or to an equivalent 
, fineness, and .weigh '2 ,g into' .a ,2 SO-ml 'beaker,. Add 10' ml HaO,'and stir to wet the 
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siunple. 70 lol of CaCli .solution. Cover with watch glass, anti brirsg to. a boil 

ill. 5 niiri on a hot |:)lat<a Boil 16 min, stirring as needed to .keep tlie sam.plt‘ from 
sticlciiig- t,o tl'KJ side of llie beaker, 'riie, stirring will also lielp t(,> |:)revent bimiping 
and foaniinp, l.'nit it ina,y bt* necessary to l>low into tlie beaker at times t:o prevent 
foaming. Cotil qnicldy, and transfer to a 100-.ini volumetric .flask wjth CaCb boIio 
tiom Add 5 ml of SnCb solnl;i*'>n ai)d fill to the mark with CaClu sohU:ic>n. Mk 
and filter on a, folded Nt.). 2 Whatman, tiller {>aper, discarding ti'ie first 15 in! of the 
tdtrat«\ C'ollect an additional t)t..>r(.iou of tht‘ filtrate in a separatf* receiver and 
polarize in a lf.)-cni tufie. 

Calculate tlie starch content as f(,)Ilows: 


{Percentage of starcli 


A X 100 X too 
20lX S 


whe^re 


A — observed rotation, 
S = sample weight. 


WheuL Crind the sample through the Wiley 0.5-mm screen and weigh 2 g into 
a rfiiind-bottonmd, 50-mi, heavy-duty, centrifuge tube. Add 10 ml of 0.05.A NaOH 
and stir ihoroiighly. Centrifuge, decant, and -wash twice mo,re with alkali. Simi- 
larly, wash once with O.SA acetic add and twice witli 70% alcohol. 'Fransfer to a 
250-m} beaker with 10 ml of water; add 70 ml CaCl-i solution; and disperse as for corn. 
Cool (juickiy; transfer to a lOO-ml volumetric flask; and fill to tlie mark with CaCla 
solutloij. Mix well, and fdter on a folded No. 4 Whatman filter {taper (12.5 cm), 
discanling the first 1 5 ml of the filtrate. Complete as for corn. 


Discussion 

'Hie speed with \vhicli deterininations may be completed is one of 
tlie greatest a.dvant:ages of the polarimctric:-,.^,iiethod. Samples may be 
gitiiualpweiglKM,],' WTished, dispers(‘d, arid completely analyzed within. 

hr. : A tot.al, of eiglit hours is required to complete a deterniination 
by the ofiicial. diastase method. Over a period of days, one analyst' 
can, . complete in an 8-hr working 'day, 14 polarimetric determina.-: 
lions or 10 (.hastase determinations on wheat using the alkatirie wasli, 
and 24 or 16, res|>ecti'V(d>N on, corn. using tlie stannic chloride precipita* 
lion in the polariniet.ric and the alcohol wa.sli in the <lias taste iT)(d:ho<L, 
I'l'ie difhuauicc's lietween. .the [naiteins, stai'clies, and |:ientosa..ns' .of 
cairn, a;nd wlu.’al- ai'*e resfionsilile fot' tlie diffc'rent prcdaax'i, tin eats used for* 
tliese two grains. I'lie'corn could not be w'ashed witli, alkali without, a 
loss of sfandi in {\)r wa'sh waters, as show.n by an icx'line teste With 
wheat, no loss of starch has lieen .obBervefl. ■. After I'lie ac:lc.litic)i'i;c)f'sta,.fE' 
ni<' eddorieU* to wh(‘al, tin* solution caiuld ‘not be filPaaMl satisfaciorily, 
and tin* tiltrap' was fre<|u<nitly too cloiKly to iKMuenstux in a polar- 
imeler. No attmnpt has beam made "to-. show !n,w these d iff erenc'cs are 
ndaled to the known prt)perties; o.f ■’corn 'ami wiieat proteins. 

(lostT agrcHunent hetvve<m the starch l)y differtmre* and tin' starch 
by diaatasi‘ <'ould i)e obtained' m..- the ease of the seven |iure starches if 
the factor of 0.93 were use<l to t'ouvert sugar to starch. This factor has 
been sugg(‘st<*d l)y others, but, as stated previously, sevt'ral exfierinumts 
on pure il<*xtrose stiowed that approximately 98% nmovery was ob- 
taiiu‘(l when this substance was put through the acnl Inxtrolysis used 
in thf,' starch didermination. The lower values fouinl for the* pure 
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starches , by the direct acid hydrolysis and the diastase methods may 
indicate difliculty in obtaining the complete hydrolysis of starch to 
reducing sugars. ' 

The good agreement obtained between the two methods—one 
physical and one chemical— lends support to both. The polarimetric 
method is empirical, since the specific rotation of starch is obtained 
by measurements on noncrystalline materials, and is to some extent 
dependent on the accuracy of analysis for the nonstarch constituents. 
Use of this method on many samples of corn and wheat has shown it to 
be satisfactory for calculating yields of starch or products from starch. 
Results obtained by this method are reproducible within about 1%. 
The accuracy of the method has not been determined, but it is believed 
that it gives results within 1% of the true values. 

The polarimetric method may be applicable to many other grains 
and in this laboratory it has been used on sorghums, oats, barley, and 
rye. Since no study was made on pure starches from these grains, it 
was necessary to use the specific rotation of 203° found for corn and 
wheat. In applying the polarimetric method to other grains, special 
treatments, similar to the alcohol and other washes, the stannic chlo- 
ride addition, or the alkaline wash, may be found necessary, but no 
data have been obtained on these applications to date. 

Summary 

Seven samples of starch, comprising two from corn, two from wheat, 
and one each from waxy corn, tapioca, and potato, were analyzed for 
nonstarch constituents. 

The specific rotation, [a]o, of all these starches was found to be 203° 
in calcium chloride dispersion, when corrected for the nonstarchy 
material. 

Modifications of the polarimetric method for starch, in corn and 
wheat were studied and procedures devised which, for these two grains, 
gave results agreeing closely with those obtained by the' diastase-acid 
hydrolysis ...method. These improved ..polarimetric procedures are 
..'described. 
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A NOTE ON THE COMPARATIVE EFFICIENCY OF ' 
L-ASCORBIC ACID AND POTASSIUM BROMATE 
AS DOUGH CONDITIONERS 

W. FI. Catbcart. and E. C, Edelmann 

A & I* Bakeries I .a.l)oratorv, Hie Great Atlantic & Tea Convriany, ' 

'■ New York, N. Y. 

(Hcreived for publioitioji Drretulier i3, 1943) 

The. oxidizing: elTect of I-ascorbic acid in bread doughs has been the 
subject of sewral investigations. Jorgensen (1935, 1.939) and Feaster 
and Cathcart (1941) showed tlia.t Fascorbic acid was equivalent to,, 
l’)otassium bromate as a dougli conditioner ■on a weiglit-for-weight, 
btisis. I^ecent c‘xp€rirn,e.nts .in this . lalioratory have shown,, that 
l-asct,)rbic acid is not quite a,s tdTective as potassium bn,:)mate 'as a dough, 
'co'nditioner. 

'.Baking tes'ts wea: conducted, using tlie'|,)rocedure outlined in Cereal 
[..laboratory . Mtd:li<,,)<ls (4th' e<F,, 1,941). :l''h:)tassiuni lirotnate and Fas* 
.c()rbi,c t,icid..were convpa,red in t!iese'ba.king testB. "Fliret* n*gular com- 
in,ercia.Frun .flours.. were used in the tests: (1) sliort patent. Hour;. (2) 
stuffed straight' flour; and' (3). whole wheat' flour. ' .AH of iliesic flours 
were treated with Agene at the mill. ' results given in' Table I show 
that Fascorbic acid affects the, volume and improves tlie grain, .texture, 
and',crum,b color of th,e loaves inai nmnner'.similar ,t()' l:)romate. ' . 'How-* 
evcf', alFof the data' show , that 'it ismecessary to use a|>proxima,teIy one, 
and' one-half', ti,mes, as 'much '.Fascorbic acid -iiB bromate tO' obtain .the 
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TABLE I 

Comparison of L-Ascorbic Acid and Potassium Bromate as Dough Conditioners 

(All flours treated with Ageiie) 

Quantities given in milligrams per 100 grams of flour 



Loaf 
, vol- 
ume 

Gr.iiu 

Texture 

Crumb color 

Short patent flour 





Control 

680 

Slightly elongated; 
slightly attenuated 

Soft 

Very slightly creamy 

i.O mg KBrOa 

660 

Improved attenuation 

Soft 

Cream V white 

LO mg Pascorbic add 

680 

Slightly improved 
attenuation 

Soft 

Shade darker than 
bromate loaf 

1.5 mg Pascorbic acid 

665 

Improved attenuation 

Soft 

plus 

Shade brighter than 
bromate loaf 

2.0 mg Pascorbic add 

675 

Improved attenuation 

Soft 

plus 

Shade brighter than 
bromate loaf 

Stuffed straight flour 





Control 

655 

Coarse, poor attenua- 
tion 

Soft 

minus 

Creamy and dull 

1.0 mg KBrOs 

705 

Slightly elongated; 
much improved 
attenuation 

Soft 

plus 

Much brighter than 
control 

1 .0 mg Pascorbic add 

665 

Coarse; slightly im- 
proved attenuation 

Soft 

Shade brighter than 
control 

1.5 nig Pascorbic acid 

695; 

Slightly elongated; im- 
proved attenuation 

Soft 

plus 

Much brighter than 
control 

2.0 mg Pascorbic acid 

680 

Slightly elongated; im- 
proved attenuation 

Soft 

plus 

Much brighter than 
control 

Whole wheat flour 



1 


Control 

560 

Coarse 

Harsh 

Satisfactory 

2.0 mg KBrOr; 

625 

Improved attenuation 

iV. 

Much brighter than 
control 

2.0 mg Pascorbic acid 

' 590 

Slightly improved 
attenuation 

•Mt. 

Shade brighter than 
control 

3.0 mg Pascorbic add 

620 

I mproved ‘attenuation 

* 

Much brighter than 
control 

, 4.0 mg Pascorbic acid 

590 

Improved attenuation 


Much brigirter than 
control 


^ Much imjproved over control. 
Slightly improved over control. 


same results. ' This was verified by other experimeiits in. the present 
study. Ouring'the course ’of the ex:perinients, ddso-avscorbic acid was 
found to l)e ineffective as a dough conditioner, confirining earlier work 
by Feaster and C^athcart (1941). 
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BOOK REVIEWS 

The Chemistry and Technology of Food and Food Products. ^ Volume 1. rVe|')arcd 
bv n,. group of:'spe<"ia!ist'w under liie ('‘tlitorslup of Morris B. Jacola^. 952 pp, 
l)m:erscience iAiblishers, inc., N<,‘W York, N. Y., 1944'. Price |1 0,50. 

This book is tlie. ilnsl; of two volumes dc'sigiied to survey the fields of food chem- 
istry a,tu:i technology. It includes the contributions of 21 collaborators selected for 
t'hei’r (.{iialifkations to present an authoritative discussion ofjthe many aspects of this 
subject. Divided into two parts, Funriainetitals.’' and ** Foods, tins first volume 
is ii(.‘ voted mainly to the chemistry of foods and will be followed shortly by tlie 
second volume in which tlie technological aspects will be emphasized. 

'Fen ssulijects are considered in the section dealing with ^Thindamentals.” 
'I'hese are: Cl) 'hhe Fliysical Chemistry of Foods (St. John), (2) llie Carbohydrates 
(Degering), (3) Lipids (Baizer and Zahnd), (4) Some Aspects/)! the Cdiemistry of 
Amino Acids in Fh*oteins (Zahnd and Baizer), ^(5) Enzymes (Stern), (6) Vitamins, 
Vdtagens, and Hormones (Rosenberg), (7) Mineral Matters and Other Inorganic 
Fooci Ad jimcts (Carr) ,^^(8) Coloring Matters in Foods (Jablonski), (9) The Digestion 
anti Fate of Fo<xlstufTs (Wilhelmi), and (10) 'Food Spoilage. and Food Poisoning 
(Halvorson). 

'Fhi.s is an imposing array of titles and indicates the intent of tlie editor to present 
a tru!}^ comprehensive trtvrtise. In sonvt,yin.sUuices, liowever, the allotted space is 
inadequate for the siibject inalerial, and important omissions will lie noted. The 
discussion of [ihysical chemistry is es.st.'ntijilly a series of di^lnnlions, while the chap'ter' 
dealing with carbohydrates will be of liinited value to the nsidt^ seeking information 
a.l}out dextrins and starches.,, ■'Ffie -amino acids and pioUuns are disciwsed more 
extensively and' include references to .recen-t literature of corisitlerable .iniportance 
to the chemistry- of foods. Lipids are rather s.ketchi!y comsidered, and the .subject 
of enzymes pays little a'{:tcniion to practical applications. ■ .Rancidity is barely.. men- 
tioned, and it as hoped that Volume If will mdude a discussion o.f this -'iniportanr,.' 
phenomenon. .Many Jood- technologists will \va.,nt to supplement these cliapterH- 
with other sources of information. Vitamins -are reviewed <dmost entirely .from tin? 
purely .chemical sta,ndpoint, - wii.iv no reference to the phases of methodology so 
important to many workers in food fields. This chapter is essimlially a coiKlensation 
of the book recently written by the same author.,-. 'llie chapters dealing with 
minerals, food colors, d,ig'estive processes., and food spoilagt* are of general interest. 
\Vfu‘I(! !n*i(4', they C()V<‘r the salient points prerequisite to an appr<!ciation of foo<| 
problems. ^ -■ 

Part II, (‘iitithHl mAmcIa/* presents discusBions of food lieldH* Idere the 
reudin* will hnd spetslie information relating to: (I) Milk, CVeam. and Dairy Products 
OacobsJ, (2) Meal and .Mea't Products--' bllrbairi,), (3) j'ish,^ SludI Fish, Cjaistaeea 
(Stansby), (4) Poidtry ami l*Iggs (.Pcmmngton),, (S). Edible Oils luid Fats (Bailey), 
(6) Ceroiil Grains (Geddes), (7) Baking and-. .Bakery .ProdurtH ((Aithcart), (8) Vi'gi*- 
la!)!eH, Mmhrmnns, Nuts, and hViiitH (Lee)* (9) Cartiohydrate and Sugar Foodh 
(Degering), (10) Confectirmery and, Caca 0 ---Froducts'.(Sch<)en)j (M) CoOVt^ am! Tea 
(nkers), anci (12) Flavors, Spices, and GondtMnts' -(Worrtdi’L .. . . 

The subject of <lairy products describes Bome,.of the physical and physiodunnical 
properties of milk and 17 typ-es' of milk- products.. ■; In many instances, the treutinwit 
IS rather bricT Numerous tables carry information about the composition of <iairy 
products. The suliject' of 'niitrition.’ii .rather '■'incomplete, less than half u page Ining 
devoted to the vitamins. Considerable information has been obtained since 193^ 
the most recent source .of, information presented. .Of greatest interest to the cereal 
chemist will be the chapters dealing with .cereal grains and bakery products* 'fhese 
two chaj)ters comprise nearly one-sixth -of .the" volume, reflecting the extensive treat-* 
merit given these iliuns. The chapter: cm cereal grains yncludes considerations of 
protIuMion, Btructiire, classification, and chemical coinpositiort. Barley, buckwheat, 
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corn, oats, rice, rye, and wheat are separately treated. Brief consideration is also 
given to cottonseed, peanut, and soybean flours. The chapter on baking and bakery 
products describes the ingredients and . reactions taking place in the production of 
bread, , cakes, cookies, etc. Such subjects as, staleness, nutritive properties, and 
microbiology of bakery products are included. The chapter dealing with carbo- 
hydrate and sugar foods is out of place in the general plan of the book. It is aii 
extension of the chapter by the same author appearing under "Fundamentals” and 
the reason for its inclusion under "Foods” is. rather obscure. Those seeking knowl- 
edge about the practical aspects of carbohydrate foods will be disappointed. 

An evaluation of the first volume with respect to its utility is made somewhat 
difficult by the type of arrangements planned for the two-volume set. In marn* 
instances, a discussion of the chemistry and technology of foods should go hand in 
hand, and the differentiation placing one phase in one volume and the second in 
another has certain disadvantages. The appearance of brevity in many of the chapters 
may be removed by the treatment in the second volume. This does not remove, 
however, the ratlier disconcerting situation as illustrated in the chapter on Con- 
fectionery and Cacao Products, where definitions for cacao, cocoa, and chocolate 
are presented, together with the statement that standards for different cacao products 
are discussed in Volume 11, Chapter 18. From the convenience standpoint, it would 
have seemed preferable to discuss one subject completely, rather than attempt a 
rather indefinite segregation in two volumes. 

Despite many of the limitations, the editor and collaborators are to be con- 
gratulated on their attempt to consolidate the many aspects of food chemistry and 
technology. Many of the chapters are well referenced, and any information not 
found in the descriptive parts can be sought conveniently by reference to the .selected 
bibliography. The present volume, together with the one which is expected to 
appear shortly, should occupy a prominent place in the library of all interested in 
foods, 

John .S. Andrews, 

General Mills, Inc., 
Research Department, 
Minneapolis, Minn. 

Chemistry and Industry of Starch. Edited by Ralph W. Kerr. 472 pp. Academic 

Press, Inc., New York, N. Y. 1944. Price $8,50. 

The editor of this book, in which the accunnulated knowledge of starch and 
products derived therefrom is brought up to date, is assisted by 14 co-authors, each 
a specialist in some phase of starch chemistry. Greater emphasis is given the Amer- 
ican viewpoint and practice of technology than was done in most earlier books in 
this field. The text is not intended to be comprehensive, since a single volume scarcely 
offers sufficient space to do this with the many divisions of the subject, The editor 
expresses the hope that this survey "will be of benefit not only to the carboliydrate 
chemist but to the technologist, whose daily task is concerned with more efficient 
production of starch products and with their more efficient utilisation.” 

'fhe subject matter is contained in five sections comprising 22 chapters. I'lie 
section outline which follows shows the order of treatment of the various topics and 
indicates^ the scope of the text. 

Section I. Occurrence in nature — source of -starch;, size and shape of starcli 
granules; thehilum; striations; swelling of granules in water; description of individual 
starches; photomicrographs of various starches. 

Section II. Preparation— the manufacture of corn, inoditicd corn, tapioca, 
wheat, white potato, sweet potato, arrowroot and sago starches; evaluation of modi- 
fied' starches' in practice. 

Section III. Properties— physical and chemical properties of starch (comjiosi- 
dona nd structure). ' 

t .Section- IV. ' Reactions-- the hydrogen bond in starch as a basis- for interpreting 
its behavior and reactivity; derivatives of starch; oxidation of starch; dextrinization; 
manufacture of dextrins; acid hydrolysis of starch ; the amylases (properties and pro- 
duction); modification of starch by enzymes; miscellaneous reactions (iodine, formal- 
dehyde, other aldehydes, hydrogenation). 

, , Section' V. ■ ' Uses— -uses of starch in paper'inanirfacture; uses of starch and starch 
products in the fermentation industries; use of starch and starch products in foods; 
,'aise-Gf,starchproductS''in the textile industry; vStarch adhesives. 
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I'he text maintaiiivS a good balance between fundaniental and appjied knowiedgt* 
and should inspire more fundamental research leading to new industrial applications 
of starch. ' .Author and subject indices are included. 

The editor, authors, and publishers are to he congratulated in providing tiris 
timely text on starch whicli will be a valuable referem'e work for everyone interestt'd 
in carl;)ohydrate chemistry. 

J. W. IWans, 

('iencra! Mills, Inc., 
Research Department, 
Minneapolis, Minn. 

Micromeritics* ■ T. M. DailaValle. 428 pp. ' Pitman rki!:)lishing Company, New 

York, N. Y. 1943. Price $8.50. 

The author has coined the word "micromeritics" to designate the technology of 
dine particles, the term "line" being dehned to cover the range of partitde diaiiieters 
from 10 ’ to 10'’ ju to 100 mm). To quote the author, "This text is intended as tj 
guide to the general subject of the behavior and characteristics of small particles. 
It brings together a mass of widely scattered information on methods of par tick*- 
measurement, si'ze-distributions, packing arrangements, and a general theory con- 
cerning the physical properties of hnely divided substances." For this reason alone, 
it will probably be a welcome addition to the technologist’s reference library. 

I'he sul)jects covered range from a rigorous mathematical treatment of tlie 
dynamics of small particles through discussions on their electrical, optical, sonic, 
chemical, and thermodynamic properties to a dissertation on muds and slurries. 
Because of the broad nature of the subject covered, the book assumes somewhat of an 
incoherent nature and, for this reason, will find'its greatest acceptance as a referenci‘ 
rather than as a textbook. 

It is felt that many of the mathematical presentations are "thrown" at tlm 
reader without proper introduction and explanation; for instance, the equations of 
motion of a particle given on page 19 are .simply stated to l)e the equations of motion 
in two dimensions. Not until the reader has inspected the equations, does he learn 
that they are those for the special case in which one of the dimensions is the vertical, 
and the particle is subject to the force due to gravit>c Only after further inspection 
is it revealed that the inotion is in a medium in w’hich the density is different from 
zero. Perhaps this criticism shoukl be overlooked in view of the volume of material 
covered, l)ut improper presentations of this kind become confusing. 

Because of the author’s election to treat the subject in a rigor^jus manner, the 
student who has had no more than an "exposure" to higher mathematics will 
probably find himself lieyond his depth on numerous oeaisions. 

The 3S-page bitdiography at the end of the book will be well accepted, 

L, F. Borchardt, , 

. General Mills, Inc., 
Research Department," 
'Mimu’a polls, Minn.' 
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('Freniain) . 511 

Chlorine compounds, Germicidal aG.iori 
on thermoduric l)acterial S{)orcs of 

wheat (Tremain) 511 

Collaborative studies 

Bisenit and cracker flonr testing 

(Sell wain) 407 

Iron in cereal products (Bowel 412 

Relation of laboratory bakitig to shop 

practice (Pratt) 556 

Riboflavin assays (Andrews) . . 39H 

'Fhiamine assays (Andrews) 3*88 

Committee reports 

('ornmittee on relation of laboratory 

leaking to si top practice, 1943 44 

(Pratt)..' 556 

("ommittee on self-rising and phoa* 
phated flours, 1943-44 (McKim),. . 419 
Committee on testing biscuit and 

cracker flours, 1943 44 (Schwain) . . 407 

Methods ■ of analysis, subcommittee, 

1943-44 (Andrews) 388, 398 

— (Howe)......., 412 


Compressibility of' baked products, .In- ' ■ 
Btrument for determining (Combs) . 319 
Cooking,. Thiamine loss in , breakfast ■ 
cereals '(Lincoln, Bove, and Barrel) 274 

Cooky Bour, Testing' (Schwain) 407 

Corn 

vStarch, see Starch, (.,'orn 
Wet milling, elTect of sulfnrons acid 
steep (C'ox, MacMlisters, and -Hil- 

■bert) 447 

Cracker flour. Testing I'vSchwain) 407 

Crackora, . p'H , 'Variation and ■ control 
(Vaupel and Banks) 16 
Cysteine, Effect on mixogram t'.niiterns . 
(.Swiinsot'i and Atidrews) 140 


Design, Experimental for cereal’ chem- 
ists (Goulden) 159 

'Diammonium phosphate, contrr)! in 
rrackeri with (Vaupel and Hanks) . . '16 

■Dough 

Conditioners^, eftici<>JH'y tjf /“Uscorlac 
acid ami p()ta8Biuin bromatc. (('.'ath-' 

■ cart and Kdelmanu) ’57,5 
Effect of 

extracts' from fermented' ''a^nd unfcr- ''' 

' mented wheat germ (Stern) . ..HI 
oxidizing agents in presence of reduc- 
ing 'matter (ETeilich and ’'Frey) . '241 
'oxidizing, agents, 'On sulfhydry.l ’■ 

' (Baker, Parker, and' Mize) ^ 97 

. temperat'ure on mixograms" (Harris, 

' ^ ^Sibbitt, and.'sScott)':' .'.'..’'’■3'74, 

MJ,xi.ng, 'effect ',' O'f 'm.ethod on mlxo- . 
graW'S (Harris ,sSibbitt, and Kllcdge), ’. • 3'8 


Dough {Conlinued): 

Mixing time, effect of wetting and 
reducing agents (Swairson, atid 

Joltnson) . 

1 Miyssical proiant it‘s 
correlation of tests with shoi) i^rac- 


^tice (Pratt) 556 

<'‘ffeet of cysttdt'U': a, ml other sul'»- 
stauces (Swans(,ni and Andrews) . . 14(1 
effect o,f i'>rotein c<',')ntmit. and grarii' 
(Aitken, .h'ishcr, and Andi‘:rsr'>n) . . 465 
reprodudi>ility and etf tecli- 

niqtie on nteasureinentH (Aitken, 
Fisher, and. Anderson) . 489 

Experimental design for cereal c,l'iemists 

(Goulden) 159 

Extenso grams 

IHffect of proteiii content and grade on 
(Aitken. Eisher, atu.l Amku’son) . , . , 46.5 
Reproducibility and etfects of tech- 
nique on (Aitken, Fisher, and An- 
derson)...,. 489 

Farinograms, Efb;ct, ('>f '}":>r<")teiti c(.n'itent 
and grade ('ui (A'itkei'i, F.isher, and 

.Anderson) 465 

Fats, MicroBi.' 0 }:nc study of in cake batter 

(Carlin) ' 189 

Fermentation 

By-products, nutrient content (Bauern- 
feind, SmiU», Garey, Baumgariim, 

Gustoff, and Stone) ' . . . .42,1 

Effect of flour i:')rotami,ne (Btills' ami 

Harris).,.,. ' , ., 74 

Fertility' .of soil, Effect' o.n whea,t q'uality 

(Wo.ri!dla) , . "107 

Fiber, In amyh'n'iext.rin frr'iction o',f. '.fltnir 

(*SU'*rn) 369 

Flour 

Amylodextrin fractiot'i ', 
composition fMm.‘M'ast.ers' and Iti!*' 

bert). 548 

■liber in (Ster.n) .' ,369 

Ash ii'i 'relation to tluamitie crintent, 

('.Hoffer, Alcock, ami Gcs'.ldes) . . , . , "2,1 Cl 
Baking quality 
'effect of 

flour blending (Finney and 'Bare ' 

more)'. 65 

hydrocyanic acid ( Young and 

" Baylidd) 149'" 

scabon wheat (Merritt and Atsse- 

■ rims) 1 99 

wheat 'luig damage ( Kreiovieli), . I 
wheat growth <*nvinmmeiit (Sand- , ' 

, ' stedt iuid h'ort maim] 172 

ovim spring in measuring (IGleL 

.rnami and c 'at heart) , ,3S5 

' Biscuitesee Biscuit flour 
Blands as n*lal<.*d to complement m y 
effects (Finney ami Bannore) .... 
Caimdian, relation of protein to l<jaf 

„'valu,me (Eva ami Amlerscm) , '560 

Caoky set* (Ymky flour 
' '.Cracker,. sec C'rackar flonr 
IXmgh. 8te Dotigh 

Hard red spring wdieat, mtxograins 

(Hams, hdibitt, ami Edledge) IH 

Improv'ers',, correlation between chem* 

;, Ica'l struct ure, action, and enxyim* 

■ '.inhibiting action (Rlion) 314, 
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FJoiif {CofUinued) : 

Imn iru' deterniinatioii (Howe),. 412 

Malted, effect of variety and environ- 
ment on quality (Meredith, Eva, 

and Anderson) '233 

MixoKTam properties, effect of ' te,m- 
perature (Harris, wSihbitt, and vScott) 374 

Phosphated, tCvSting (McKim) 419 

Protamines, effect on wheat .mash fer- 
mentation (Balls and Harris) 74 

Protein in, effect on farinograins, ex- 
tensograms, and alveograms (Ait- 

ken, FivSher, and Anderson) . 465 

Ttibo'flavin in 

by fluoro metric assay (Andrews?) . . . 398 
rapid ffuorometric method (Hoffer, 

Alcock, and Geddes) 524 

sources of error in fluorometric 
method (Ploffer, Alcock, and 

Geddes).. 515 

Self-rising 

shortening tolerance (Sdiwain and 

Loving)..... 27 

testing (McKim) 419 

Soft wheat, mixograms (Morris, Bode, 

and Heizer) 49 

Sulfhydryl groups (Myers and Work- 
ing)....... 32 

Thiamine in 

effect of wheat variations (Hoffer, 

Alcock, and Geddes) 210 

by thiochrome assay (Andrews).'. . . 388 

— (Click), . . 119 

Viscosity studies with the amylograph 

(Brown and Harrel) 360 

Fluorometric assay for riboflavin 
In flour and bread (Andrews) ....... 398 

Rapid method (Hoffer, Alcock, and 
Geddes)........................ 524 

Sources oi error in ( Hoffer, Alcock, and 

Geddes)....... 515 

Fractionation of zein (Gortner and Mac- 
Donald) 324 

Fumigants, Effect on ffoiir baking qual-, 
ity (Young and Bayfield) . ........ 149 

Gas retention in dough, Oven spring in 
measuring (Edelmann and Cath- 

: ' cart) 385 

.Gelatinizatio.n ' of , wheat starch (Anker'. 

.and, Geddes) . , 335 

.'"Germination' 

Chamber for routine inalting tests 
'(Meredith, Hlyiika, and Sallans) ... 251 
Effect ' on,' amylase development in 

cereals (Kneen) 304 

.Glutathione, Effect of oxidizing agents ' 
on in dough (Freilich and Frey) . . . 241 
Grain : fermentation' 'by-products, Nu- 
trient content (Bauernfeind, Smith, 
Garey,'' Ba.umgarten,. Gustoff,' and 
';,,',StO'ne);,,. 421 

'hydrocyanic, acid, 'Effect on flour' baking 

quality (Young and Bayfield) . , ... 149 
Hydrogen ion concentration, Variation 
and'C'ontroU'n'crackersTVaupel'and . 
Hanks) < 16 

Insects, Damage to biscuits (Smallman 

and Aitken) 499 

Iron, In cereal products, determination 
(Howe) 412 


Kjeidahl protein determination, Relation 
, to Zeleny method and loaf volume 
(Evia and Anderson) 5()«„',} 
Kneen and Sandstedt method for arnyh 
uses in barley malt, modification of 
(Olson, Evans, and Dickson) 533 

Loaf volume 

Effect of flour blending (Finney and 

Bar more) 65 

Relation to Kjeldalil and Zeleny pro- 
tein determination (Eva and Ander- 
son) . . 560 

Malt 

Amylases, see AmylasCvS, Malt 
Modification of Kneen and Sandstedt 
method for amylases in (Olson, 
Evans, and Dickson). . ........... 533 

Malted flour, see Flour, Malted 
Malting, Germination chamber for rou- 
tine tests (Meredith, Hlynka, and 
Sallans) 251 


Milling, Corn, effect of siilfuroiis acid in 


wet (Cox, MacMasters, and Hilbert) 447 
Mixing of dough, see Dough, Mixing 
Mixograms 
Effect of 

cysteine and otiier su Ixstanccs (Swan- 
son and Andrcw.s) 140 

temperature (Harris. Sibl)itt, and 

Scott) 

variety, station, and season (Harris, 

Sibbitt, and Elledge) 38 

Hard red spring wheat flonr (Harris, 

Sibbitt, and Elledge) 3, . 

— (Harris, Sibl>itt, and Scott) 374 

Sifted soft wheat meal (Laml)) ...... 57 

Soft wheat varieties (Morris, Bode, 
and Heizer) . 49 

Nicotinic acid, In rice varieties and mill- 
ing products (Kikand Van Landing- 

ham). . 154 

Nutritive value, Fermentation by-prod- 
■ ■ ucts (Bauernfeind, Smitli, , Garey,,, 
Baumgarten, Gmstoff, and, Stone) , . 421 


Oven spring, Measurement in flour final- 
ity control (Eciehiiann and CatlC' 

cart) 38 .S 

Oxidizing agents , 

■ Effect on , , 

dough in pn'sfuice of reducing mat- 
ter (Freilich and Frey) ..... . .241 
sulfhydryUn dough (Baker, Parker, 

' and, Mfee) 9? 

Papain, Inhibition by Hour improvers 

(Elion) .c,' 3'M 

see Hydrogen if)n coueeni l al i( m 
■Phosjphated flour, see l^'iour. Phosphal<‘(j 
Polarimotric ' method for starch d(‘ter- 

,;mination (Earle and 'Milner) 567 

Potassium bromate , Efficiency as d( m g 1 1 
conditioner ,(C'athcart and' KdeF,,' 

mami). .... . ' 575, 

Potato starch, see "Starch, 'Potato 
Protamines, ',Effe'ct on wheat 'maslv fer-' 
mentation '■,(Balla.''anci;,'HarriH): — ' 74 

Proteases,,''' 

Inhibition by flour imju’ovem (Iriion) , 314 

Sov'beatt'," , activity'' ' (.Laufer, T;uibm\ 

. and Davis) 267 
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Protein 

('oni, separation, trrnii ntareh in wet 
nillliiig (Co?!:; M4w:M.a5:>U'Trt, and I'i'il' 

lH‘rt) 

^'r^ietions in zeiii (C'loriner and Mao 

Donald) . d24 

Sei)aratioii from starids in siareU iiro- 
dtu'tioii (Dimler, Davis, Rist, and 

irilbert). 

Whval 

<4Teel on farinograms. extensogranus, 
and alvtaagranis (Aitkeo. RLsiier, 

and Anderson) 4d5 

efft'M'i; of wlieat-bug damagt:* (K'rt.^o-* 

vidi) I 

errors iir determinat ion (II ildel irand 

and Koehn) _ d70 

T943 u'estern Canadian (Anderson, 

Neatby, itiid I.a'ivi) 2.S.^ 

in'charvest prediction correlation 
(Anderson, Neatby, anrl Levi) . . . 2Kd 
relation of Kjeldahl and Zeleny de- 
termination to loaf volume (Eva 

and Anderson) 5i6() 

sulfhydryi groups in (Myers and 

Working) ,32 

.Proteolytic enzymes, see Frot.eavses 

Eak, Effect, on, wheat rpiality (Swanson) 126 
Eeducing agents, Effect on mixing time 
and bread quality (Swanson and 

Johnson) .222 

Reducing ' matter, Effect of ' oxidi/dng 
agents on' dough ■ in presence of 

(Freilich and 'Frey) 241 

Riboflavin. . 

Assays,' ' ' 

fluoroinetric metfiod (Andrews) . . ■ '•F'hS 
rapid 'flno'rometric method (H'offer, 
Akock, and Geddes) 524 
sources' of error in' fluorornetriiv. 
method. (Hoffer, Alcock, and 

^ Geddes)..,.. ...■■5't5- 

In flour, and 'bread, fluorometric as- 
say (Andrews) 

■ In 'rictr varieties and milling prod- 
ucts (Williams and 'Fieger). - 540 

Rke ' 

Nic:otinic..uCiddhwari€t,ies and milling 
"products (Kik and Van ■ Landing-' 

^ ju'uii). '154 

Riljoflavin mnl l»lotin in varieties and 
milling pmducts (WilHams and 

■ Finger) , 540 

Ey^imeal, Amylograph in le.sting (Brown 

and Haneb duo 

Scsibj, KITeci on wheat quality (Merritt 
and Ausetnus) ....... ‘ . W 


SelDrlstag flour, see Flour, SidDrlsiug 
Shear, Reslsttmce to in baked products, 
instrument for determining (Combs) 310 
Shorteiflnf tolerance, Biscuit and ndU 
rising flours (vScitvvttiu and Loving) 27 
Soda crackers* 8ct‘ CTackcrfl 
Sodium chloride, PTfetl on dough (Swan- 


eon an<I Andrews) 140 

Sodium hypochlorite, Germicidal action 
on thermoduric bacterial spores of 

wheat (Tremain) 511 

Soil fertility, Effect oti wheat quality 
(Worzella) , 107 ' 


Soybean 

Amylase.s, see Airnd,nses, Soy heart 
.Amylograph in testing products <4 

^ (Brown and l',larr<,‘l) ,160 

(.lerminated, (‘nzynu,'s in {Lanier, Tam 

her, and Davis) 267 

I'h'otttase'S, sr'e Proteases, Sc.vyltetrn 
Spores, Thermoduric liacterial, effect of 
ehlorim' eoniitoiinds on in wheat 

('rremaiu) . 511 

Starch 

Gereah itriKlucfion from Hours (Diiii- 
ler, .ITavis, Rist, and 'I'lilbmi:) ...... 436 

('’orn 

gtdatinization (Anker and Deddi's) ., 3.'L5 
irnitrovtnmmt in determination 

(Earle and Alilner).' 567 

separation from protein in wtd mill- 
ing (tA)X, ■Mac.M.asters, aitd IliL 

bert),.. 447 

Polariinetric niethml for determination 

('h)arle and Milner) 567 

Potato, gelatinization (Anker and 

GedfUvs) ■ . 335 

Prod luU ion from 

stored atul damaged wheat (Alac« 

•M.astcra and Hilbert),., 258 

wheat ami other cereal flours (D'im- 
' ler, .Davis, Rial, a,nd l':lill)ei’t,") . . 436 
Wheat 

com po,sition of ainyh::M:'lex.irin { Mao 

■M asters and H i I bert ,) ,548 

fll>er in amy lodexirin f rtu.d ion (St ern) 360 
g<4atinizatk3ii (Anker a,ud Geddes) . 335 
improvement in {letermination 

(Earle ami Milner) .' 567 

l>roductioii from flour (Dimler, 

Rist, am,'l .Hilbert) . , ' . . . '436 
luodiiclitinfroiri st(>rinL dainagtnl 
w.lieat (MacMasiers'and Hilbert) 258' 
Statistics, Au{:i,lysis and e',x:p'erim(Mi.tal do- ■ 

aig.u in '(Goi,!lde.n,) . ',156 

Sulfhydryi 
.Effect of " 

added on tiougli (Swtummt ami A.!!- , 

drews),' 140 

■oxidizing agents in dough ' (.Baker, 

Parker, smd Mize).,. ,67 

wheat germ fermeuLUion on (Stm'u) HI 
In flour (.Myers and Wot king). , . ■ ''32 

bi wiieat germ extracts, td'leel on 

dough (Stern) , 8! 

Sttlfuruu® acid steep. Effect In corn wei 
milling {Voa, MavMuster.s, and (HI- 
Iwit).., 44 7 

TMamisie ' ' , , 

Assays ' ■■ ■ 

rimiflificatietn ot tin* ihiodmmn* 

method {,SchiUeT) .H I 4 

Uuochnnm* method (Amlrews) 6H8 

In breakfast cenmls, Iohh on ciKiking 

(Iflncoln, Ilovcn and Hanel) 27 1 

In flour, effect of wheat vurlatknm 
(Hoflfer, AlccK'k. and Gedden) ..... 2H) 

In flour and bread, t luo<'lirfmu* unsay 

. ■ ,(A:ndrewa) . v . ,■ ■ 388, 

((ilick) 116 

hi sswiebaek, loss cluring ptodiuilon 

(Mecktd and Andetson) 280 

Thlochrcme assay for thhoTiiue 

In flour ami bread (AndrewH) 388 

--- (Click) . , . 116 
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Tfi.iachromr assay iCxmtinmd) : 

Simplification (Schiller) 544 

Toasting, Thiamine lotss 4n zwieback' ■ 
{M'eckc4 and Anders<,)ii) 280 

Viscosity, StiidicvS with tlie atnylograph , 

(Brown and Harrel) 500 

Vitamin Bi, see Thiamine 
VitamiE B*!* see Rit^otiavin 


Wetting, agents 
Effect on 

dough (Swanson and Andrews) 140 

mixing time and bread quality 
(Swanson and Johnson) 222 

Wheat 

Bug, damage to grain by (Kretovich) . 1 

Canadian, relation of protein to loaf 

volume (Eva and Anderson) 500 

Damaged for starch production (Mac- 

Masters and Hilbert) 258 

.Effect of' " 

chlorine compounds on thermoduric 
bacterial spores in (Tremain) .... 511 
f requent rains and storms on proper- 
ties (Swanson) 126 

growth environment on flour quality 
(Sandstedt and Fortmann) ..... 172 
Flour, see Flour 

Germ, effect of extract.? on flour dough 

(Stern) 81 

Hard ' 
effect of 

growth environment on quality 
(Sandstedt and Fortmann) .... 172 

scab on (Merritt and Ausemus) . . 199 
temperature on mixograms (Har- 
ris, Sibbitt, and Scott) ....... 374 

variations on thiamine and ash 
(Hoffer, Alcock, and Geddes). . 210 
varieties on mixograms (Harris, 
Sibbitt, and Elledge) 38 


Wheal iConti nued) : 

Mash, fermentation, effect of prt':>ta- 


mine (Balls and Harris) 74 

Meal, mixogrmns (tuunlff- • . - 57 

Protein content 

effect on .farinogra'iiKs, extemsograms. 
and alveogram.s (Aitkem .hlslKM', 

and' Andt‘r.son) , . . 465 '' 

errors 'in deterntinatiem (l"l!hlel,ira,nc„l 

and ICoehii) 370„ 

1943 western (''anadia'n (Anderstm, 

Neat by, and , Levi) .. 28.L' 

I,>reliarvest i)redict:ion correlatim'i ' 

(Anderson. Ni‘utl'>y, and l.evi) . . 283 
Quality 
effect of 

frequent raims aiid storms (Swato' 

son) 126 

scab (Merritt and 'Ausemus) .... "199 

soil fertility (Worzdla) ......... 107 

evaluation witli mixograms (laimlV) 57 

(Morris, Bode, and Heizer) . . . 49 

Riboflavin in, rapid fluorometric 

method {Hoffer, .Alcock, a'nd.Geddes) 5 24 
Soft ■ 

. effect- of varieties on 

■ mixograms ' (Morris,,. .B'ode, -'and 

.. H.eizer) " 49'-. 

sifted mcmLmixograms (Larnh) . . .57 

Starch, see Starch, Wheat 
Stored, for vStarch production (Mat‘« 

Ma.9ters and Hilbert) 258 

Varieties, effect on. inalted wheat flour 
quality (Meredith, Eva, and Ander- 
son).. 233 

Wheat-bug damage to (Kretovich) ... 1 

Zein,. Fractionation (Gortner and 'Mao 

Donald) : . . 324 

Zekny protein determination, Rdatioii 
to Kjeldahl method and loaf \’olume 

(Eva and', Anderson) 560 

Zwieback, Thiamine loss during prochu'- 
tio'n (Meckel and Aude,rs.on) 280 
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